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Franklin GH. Wentworth 


NFPA Secretary and Managing Director, 1909-1939 
Died October 4, 1954 





Franklin GH. Wentworth 


1866-1954 


Franklin Wentworth died on October 4, 1954 in New York. 
In a letter we received from him in August, he told of his 
plans to visit his daughter in Egypt and to stop off in Boston 
on his way back to his home in Redondo Beach, California. 
Mr. Wentworth was taken ill in Barcelona en route and was 
flown to New York upon advice of his physician. He leaves 
Mrs. Wentworth, a daughter, Cynthia, and four sons, Bran- 
don, Strafford, Chapman and Hampden. 


Mr. Wentworth was born in Chicago, March 27, 1866 and 
attended the public schools there. He was an electrical in- 
spector for the Western (Insurance) Union and was associ- 
ated with William Merrill at the time of the founding of 
Underwriters’ Laboratories. Mr. Merrill persuaded Mr. Went- 
worth to become the first paid secretary and editor of the 
Quarterly of NFPA in 1909. Mr. Wentworth came to Boston 
and set up the first permanent headquarters of NFPA at 87 
Milk Street. For many years he also represented the Under- 
writers’ Laboratories in New England. From 1909 until his 
retirement as managing director of NFPA in 1939, Mr. 
Wentworth devoted his life to the building of our Associa- 
tion. Upon retirement he moved to California. His last ap- 
pearance before an NFPA gathering was at our regional 
conference in Los Angeles in 1951 where he greeted those 
in attendance. 


Many of our members will remember Mr. Wentworth best 
for his remarkably effective writing and speaking ability and 
for his crusading zeal for the cause of fire protection and pre- 
vention. Throughout his thirty years of service to our cause, 
Franklin Wentworth zealously fostered and developed the fair 
and impartial attitude towards all phases of our work which 
has meant so much to the reputation of the NFPA. His many 
and great contributions to the Association will long be 
remembered. 
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Let's Prevent Nursing Home Fire Casualties* 


By Chester |. Babcock 
Manager, NFPA Fire Record Department 


Lest anyone question the need for con- 
cern with life safety in nursing homes let 
me cite a figure or two from a recent 
study by the National Fire Protection 
Association of 100 nursing home fires. Of 
these 100 fires, deaths or injuries occurred 
in 49. Among the fires in this study were 
some of the notorious nursing home fires 
in which many lives were lost. For this 
reason, and also because of the smallness 
of the sample, it would be incorrect to 
draw the conclusion that a casualty occurs 
in one of every two nursing home fires. 
However, when the 49 nursing home fires 
with casualties in the 100 studied is com- 
pared with 24 in 100 for hospitals, 27 in 
100 for mental institutions and 15 in 100 
for orphanages, there is no doubt that 
nursing home fire experience is dispropor- 
tionately bad and in need of improvement. 

Everyone in any way connected with 
nursing home fire safety — nursing home 
operators, legislators, law enforcement 
officers and fire protection engineers — if 
not legally responsible, is certainly moral- 
ly obligated to do what he can to make 
available to our aged and infirm reason- 
ably safe places to live. Please note the 
words “reasonably safe.’’ The cost of 





*Based upon a paper presented in Boston, Sep- 
tember 23, 1954, at a conference on nursing 
home fire safety. The conference was under 
the auspices of a Special Commission of the 
Massachusetts Legislature to study and investi- 
gate means and methods for improving protec- 
tion against fire in homes and institutions for 
the sick and aged. 
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complete fire safety for nursing homes, 
as for other occupancies, is often such a 
compelling factor that economic consid- 
erations must temper the desire for the 
ideal — complete fire safety. But, fortu- 
nately, there are many ways to improve 
the life safety of nursing homes that are 
economically feasible. Although the re- 
sult may not be a home completely free 
from the dangers of fire, it will be one 
in which the possibility of a serious fire 
is remote. 

What are these steps that can be taken 
and why do we urge them? The answers 
to these questions are in the fire record. 
From the NFPA’s study of nursing home 
fires, it was found that violations of cer- 
tain well-known principles of fire safety 
were responsible for those fires in which 
casualties occurred and property damage 
was extensive. The evidence from these 
fires shows just what these principles of 
fire safety are and why they have so great 
a bearing on the safety of those in nursing 
homes. These principles fall into four 
groups: 1, those pertaining to the build- 
ing; 2, those relating to the building's 
contents; 3, those pertaining to the peo- 
ple in the building; and 4, fundamental 
principles of fire detection and control. 


Building Principles 
Among the many features of nursing 
home building construction that have a 
bearing on life safety, five were shown by 
the fire records to be of particular impor- 
tance, 
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Walker's Convalescent Home; near Amarillo, Texas, December 22, 1950. 


Fire Resistance of the Building 


Let us first consider the fire resistance 
of the building. The ideal building is one 
constructed of fire-resistive structural 
members. Although it is true that casual- 
ties are rarely due to building collapse in 
fires, there are certain other weaknesses 
in design often found in buildings that 
are not fire-resistive, such as combustible 
concealed spaces, that have frequently 
been factors in fire casualties. 

It is also true that flimsy, combustible 
construction may contribute to fire spread. 
A nursing home fire near Amarillo, Texas 
in 1950 is an example. A defective gas- 
fired furnace was the cause. Although 
the fire occurred in mid-afternoon when 
many attendants and friends of occupants 
were in the 1-story wooden building, 
flames enveloped the combustible struc- 
ture so rapidly that 10 of the 47 elderly 
occupants could not be saved. 

As other fires are mentioned it will be 
noted that all occurred in combustible 
buildings and that in most instances the 


combustibility of the building was an im- 
portant factor in the loss of life. It is sig- 
nificant that we have no records of a fire 
casualty or serious fire in a nursing home 
built of noncombustible or fire-resistive 
materials. It is here, perhaps, more than 
anywhere else, that economic considera- 
tions may force a compromise with ideal 


fire safety. But if it is necessary to use 
combustible buildings for nursing homes, 
additional safeguards should be provided 
for the occupants, such as confinement of 
nonambulatory persons to the first floor, 
and the installation of sprinklers. 


Exits 

Of all the steps that should be taken to 
improve the life safety of nursing homes, 
provision of means for getting the occu- 
pants safely out in case of fire heads the 
list. No matter how well constructed the 
building or how strong the fire protection, 
there is always the possibility that the 
building will have to be evacuated. This 
is one feature of fire safety for nursing 
homes that under no circumstances should 
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be compromised by economic considera- 
tions. Recommendations for exits are 
spelled out in detail in the NFPA Build- 
ing Exits Code, but for purposes of this 
discussion, it is sufficient to mention the 
recommendations for at least two exits 
from each floor, that exits be located as re- 
mote as practicable from each other, that 
they be of adequate width, lighted and 
marked, and that interior exits be en- 
closed.* 


Exits, good or bad, are factors in almost 
every nursing home fire. Thirty-three oc- 
cupants of a home for aged at St. Johns, 
Newfoundland lost their lives in 1948 be- 


*The NFPA Committee on Safety to Life has 
under consideration a proposed addition to the 
Building Exits Code dealing specifically with 
exits for nursing, convalescent and old age 
homes. 





Press Association 
Hull Nursing Home; St. Johns, New- 
foundland, February I1, 1948. 





David Bier 
Hospice St. Cunegonde; Montreal, Que- 
bec, June 15, 1951. 


cause a single open stairway was the only 
way out from each of the two separate 
sections of the building. The fire started 
at a defective oil range in a second story 
kitchen and, by the time firemen had ar- 
rived, had spread up the open stairs and 
into many rooms on upper floors. Only a 
few persons were alive to be rescued by 
firemen. Three had jumped and were 
killed. 


An enclosed rear stairway had much to 
do with the safe escape of 23 occupants, 
of whom 21 were bedridden, from a nurs- 
ing home fire in Waterloo, New York on 
April 11, 1953. It was also fortunate that 
the fire had not made much headway in 
the basement when discovered at 8 in the 
morning. Smoke was filling the build- 
ing when firemen arrived and had already 
made the open front stairway impassable. 
Had it not been for the enclosed rear 
stairway and the prompt arrival of a large 
number of firemen, it is doubtful if the 
occupants could have been saved. 
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San Francisco Call-Bulletin 


Little Sisters of the Poor Home for Aged, San Francisco, California, April 15, 1952. 


Enclosure of stairways is important to 
the life-safety of nursing homes for two 
reasons: the enclosure provides a safe exit- 
way for occupants, and is a barrier to 
vertical spread of fire, heat and smoke to 
upper stories. It is a safe assumption that 
the deaths of 28 aged women and six em- 
ployees would not have occurred at the 
Montreal Hospice fire in 1951 had the 
stairways been enclosed.* The fire origi- 
nated in the second story corridor, spread 
through the corridor to an open stairway 
and then went up the stairway trapping 
elderly victims and some of the attendants 
in rooms in the third, fourth and fifth 


*See July 1951 Quarterly for detailed report. 


stories. Many fire protection weaknesses 
combined to cause this disaster including 
lack of sprinklers and combustible finish 
in the corridors, but despite these condi- 
tions, it is probable that the women in the 
upper stories could have reached safety 
had stairways been enclosed. 


Fire Stopping 


About one-third of the nursing home 
fires studied originated in the basement, 
and, in many cases, because walls were not 
fire-stopped, the fires spread within wall 
spaces to upper stories. A San Francisco 
nursing home had to be evacuated shortly 
after midnight on April 15, 1952 because 
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fire that flared up from a pool of oil near 
the oil burner in the boiler room entered 
nonfirestopped concealed wall spaces and 
spread vertically through the 5-story 
building. Although sprinklers operated to 
give the alarm and extinguish the fire in 
the boiler room, they had no effect on 
flames that had entered unsprinklered wall 
spaces and were spreading out of range of 
sprinklers. Had the relatively simple and 
inexpensive procedure of firestopping the 
walls at the boiler room basement ceiling 
been taken, the extensive damage that re- 
sulted could have been averted. Firemen 
had to open up walls and put out the 
fire with hose streams. 


Segregation of Hazardous Areas 


From many studies of fire experience, 
fire protection engineers have pinpointed 
certain places in buildings, such as fur- 
nace rooms, storage areas and paint shops, 
as particularly susceptible to fire, and it 
has long been an axiom of fire protection 
engineering that whenever possible these 
areas should be cut off from the rest of 
the building with fire-resistive walls, ceil- 


Kio 


ings and floors. Many of the fire casual- 
ties in nursing homes, including the five 
that occurred in Nicollette, West Virginia 
on February 26, 1950, would not have oc- 
curred had areas known to be fire breeders 
been cut off. This fire started near the 
furnace in the basement when heat from 
the furnace and flue pipe ignited the com- 
bustible walls and ceiling. Flames spread 
laterally through the basement to an open 
stairway and were well on their way to the 
second story when the superintendent and 
his wife were awakened by smoke at 
2:20 A.M. The 34 who escaped made 
their ways to safety down outside metal 
stairways or were rescued over ladders. 


Interior Finish 


Fire tests and fire experience have 
shown that flames spread rapidly over the 
surface of combustible fibreboard and ply- 
wood, yet we frequently find these mate- 
rials used in abundance in nursing homes 
rather than plaster, plasterboard or some 
other noncombustible finish. 
Where combustible fibreboard or plywood 
is used the flame-spread hazard may be 


interior 





Wood County Infirmary; Nicolette, West Virginia, February 26, 1950. 
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W. A. McDonnell 
Cedar Grove Nursing Home; Hillsboro, Missouri, October 31, 1952. 


reduced by applying an approved flame 
proofing paint.* 


Highly combustible interior finish has 
been a factor in some of the notorious 
nursing home fires: the Garfield Heights, 
Ohio fire of 1946 in which 14 were killed; 
the Largo, Florida fire of 1953 that took 
33 lives; and the Hillsboro, Missouri fire 
of 1953 in which 20 patients died. In each 
of these disasters several fire safety weak- 
nesses were at work, but from the evi- 
dence, the combustibility of the interior 
finish was an outstanding reason that 
there was not time to get the occupants 
out. In the Hillsboro fire} it is true that 
the fire would not have started had a light 


*The rate of flame spread on one side (in some 
instances both sides) of most combustible fibre- 
boards now on the market has been reduced by 
a flame retardant paint treatment applied by 
the manufacturer. See also Fire Hazards of 
Building Boards, page 123. 


+See January 1953 Quarterly for detailed re- 
port. 





fixture in a first floor linen room been 
installed in accordance with provisions of 
the National Electrical Code, and the fire 
presumably would not have spread up the 
stairs had the stairway been enclosed. The 
facts remain, however, that the light fix- 
ture installation was substandard and the 
stairway to the second and third stories 
was open. Consequently, because the linen 
room and adjacent hallway were lined 
with combustible fibreboard, fire originat- 
ing at the light fixture spread along the 
walls and ceiling and up the open stair- 
way so rapidly that of the 70 occupants, 
20 were killed and 37 more were injured. 


Contents Features 


So much for features of the building 
itself that should be given attention if 
we hope to improve materially the life 
safety of nursing homes. Next let us 
think a bit about the contents of these 
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lowa Lutheran Home for Aged; Madrid, lowa, January 16, 1948. 


buildings. The principal contents hazards 
can be divided into two groups: those 
associated with the so-called building 
services, that is, heat and light; and those 
involving the furnishings and decorations 
of the building. 


Building Services 


Building services are the most frequent 
cause of nursing home fires, with defects 
in heating equipment accounting for 20 
per cent of the fires, and electrical wiring 
and appliances 10 per cent. This being 
the case, it is obvious that any program 
to improve the life safety of these homes 
must include consideration of heating and 
electrical equipment. In both cases, the 
records show that the defect causing the 
fire can be traced directly to a substandard 
installation or to poor maintenance. As 
evidence, three cases of fires caused by 
faulty heating equipment have already 
been cited: the Amarillo, Texas fire 
caused by a defective gas-fired furnace; 
the San Francisco fire caused by overflow 
of an oil burner; and the Nicollette, West 
Virginia fire that broke out because the 


furnace was installed beneath a com- 
bustible ceiling. 

Three elderly persons lost their lives in 
a Branford, Connecticut nursing home in 
1952 when fire caused by a defective oil- 
fired space heater broke out on the first 
floor. On discovering the blaze at 11:15 
A.M. the owner delayed the alarm until 
after an unsuccessful attempt to put out 
the fire with a small fire extinguisher. 
Before the fire department arrived flames 
had spread up an open stairway and were 
in control of the building. 

A nursing home fire in 1948, at Ma- 
drid, Iowa was traced to overheated wir- 
ing in an employee's quarters in the attic. 
When the employee discovered that the 
electric heaters he used to warm his room 
blew fuses repeatedly, he solved the 
problem by putting in larger fuses. There- 
after, not only did his room get hot but 
so did the overloaded wiring and it 
was not long before fire was burning in 
the attic walls, Attendants and firemen 
removed all patients from lower floors 
before fire burned down through the un- 
sprinklered building. 
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Combustible Contents 


It would be impracticable or impossible 
to substitute noncombustible furnishings 
for all that are combustible. What can 
be done, however, is to discontinue the 
use of all nonessential combustible con- 
tents, such as flammable decorations, and 
to use noncombustible substitutes where 
available. Combustible material should be 
removed from the building as soon as it 
has served its purpose — rubbish, news- 
papers, old mattresses. 


Any discussion of nursing home fires 
attributed to combustible contents must 
make mention of the Hartford, Connecti- 
cut convalescent home fire in 1945 in 
which 19 were killed and 30 injured.* 
Most of the casualties involved elderly 
persons. The fire originated on flammable 


*See January 1946 Quarterly for detailed re- 
port. 


cotton at the base of a Christmas tree in a 
first floor office. Telephone wires quickly 
burned, delaying fire department notifica- 
tion, and when the employee who dis- 
covered the fire found that he could not 
operate a fire extinguisher he became 
panicky and ran from the office leaving 
the door open. Fire followed him out of 
the room and spread up an adjacent open 
stairway to upper stories. 


Occupant Features 


Life safety from fire is more than a 
matter of things; it also involves people 
and the behavior of the employee in the 
Hartford fire just cited is one example of 
the need for more attention to the be- 
havior of attendants and occupants. 


Attendants 
Consider the attendants. The first req- 
uisite for the effective handling of a fire 





United Press 


Northam Home for Aged; Branford, Connecticut, May |, 1952. 
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Niles Street Convalescent 


Hartford, Connecticut, 
1945. 


December 


Hospital; 


24, 


emergency is that at least one nurse or 
qualified attendant be awake and on duty 
at all times to detect a fire in its incipi- 
ency, to call the fire department and start 
moving occupants to safety. 

A nursing home near Largo, Florida 
was destroyed in 1953 with the loss of 32 
patients and an attendant.* Just what 
caused the fire was never definitely deter- 
mined although a fault in an electric 
motor on a deep freeze in the kitchen was 
a likely suspect. Whatever the cause, it 
was not so much responsible for the ter- 
rible loss of life as were various fire safety 
weaknesses, including highly combustible 
interior finish and absence of automatic 
protection. Of prime importance was the 
fact that no attendant was awake and on 
duty to discover the fire when it was still 
small and when there would still have 








*See April 1953 Quarterly for detailed report. 
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Littlefield's Nursing Home; near Largo, Florida, March 29, 1953. 
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Kincaid Nursing Home; near Kincaid, Kansas, September 17, 1954. 


been time to awaken and remove the eld- 
erly occupants. An elderly patient was the 
first to discover the fire. It was then 3:15 
in the morning. Lights had already been 
put out of order by the fire and smoke was 
rapidly filling the building as the patient 
aroused the sleeping owners. After wast- 
ing a few valuable minutes discharging 
fire extinguishers in the general direction 
of flames in the kitchen, the owners 
tushed through the building opening 
doors and shouting to patients to get out. 
But the occupants were typical of those in 
nursing homes — old, feeble and in some 
instances without their full mental facul- 
ties. On being awakened from a sound 
sleep they reacted in a stunned and un- 
comprehending manner and instead of 
proceeding into the smoke-filled dark cor- 
tidors or climbing out ground floor win- 
dows, they stayed in their beds. A few 


bedridden were carried out but very little 
assistance could be offered to the others 
before wind-swept flames raced through 


the highly combustible building. 


A nursing home attendant who is not 
well trained in his or her responsibilities 
at time of fire is little better than no at- 
tendant at all. The fire record indicates 
that some nursing home attendants, al- 
though they may be well trained in pro- 
viding for the day-to-day needs of the 
people under their care, show a complete 
lack of training when it comes to a fire 
emergency. 


On September 17, 1954, seven of ten 
patients in a nursing home near Kincaid, 
Kansas lost their lives in a fire. Testimony 
is still being taken from survivors but in- 
formation obtained so far leaves little 
doubt that lack of employee training con- 
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tributed to the loss of life. The owner 
and his wife were away at the time and 
had left their home in the care of three 
attendants, none of whom had been in- 
structed in what to do in case of fire. One 
of the three had been on the job only a 
day, and another only a week. No one 
was required to stay awake and on duty 
during the night. The fire started in a 
first floor recreation room and was not 
discovered until an attendant on the sec- 
ond floor was awakened by the smoke. 
There was still time to get people out 
through an emergency exit from the sec- 
ond story but apparently none of the at- 
tendants made any attempt to do this and 
without someone to guide them, the old 
people, although all were able to walk, 
did exactly as their counterparts at Largo, 
Florida — stayed in their rooms. 


Ignorance of what to do in case of fire 
was a factor in the nursing home tragedy 
at Watervliet, Michigan, February 19, 
1954, at which eight of the ten occupants 


lost their lives. The fire originated in the 
glassed-in sleeping porch on the first floor 
when a window curtain came in contact 
with a portable electric heater. Screams of 
“Fire!” from a bed-ridden patient on the 
porch summoned the attendant who, on 
seeing the fire, ran upstairs and awakened 
the owner. The two then came downstairs 
and on finding that they could not get to 
a telephone on the porch, both went to a 
neighbor's house to call the fire depart- 
ment. Neither made any effort to get the 
ten people out of the building. Although 
the building was a mass of flames when 
the fire department arrived, there is pretty 
good evidence that some of the victims 
could have been rescued before flames 
enveloped the building, had an attendant 
made an immediate start to remove them 
to safety. An elderly occupant on the sec- 
ond floor, on hearing the commotion, got 
up, dressed, came downstairs and picked 
up his wife who was a patient on the first 
floor and carried her out through the back 
door. 





Associated Press 


Shimer Convalescent Home; Watervliet, Michigan, February 19, 1954. 
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Philadelphia Fire Department 
Presbyterian Home for Aged Women; Philadelphia, Pennsylvania, October 21, 1953. 


That the 200 aged women in a Phila- 
delphia nursing home were removed to 
safety on October 21, 1953 was due pri- 
marily to the excellent work of the Phila- 
delphia Fire Department rather than to 
efforts of the untrained employees. The 
fire started in a third story room during 
the afternoon when an electric iron ig- 
nited a telephone book. (The book was 
serving as an ironing board.) On dis- 
covering the fire, the attendants neither 
called the fire department nor commenced 
removal of occupants, but, instead, tried 
to put out the fire themselves. They as- 
sembled and used twelve 21/,-gallon soda- 
acid extinguishers in an unsuccessful at- 
tempt to extinguish the blaze. Flames 
spread up an open stairway and to the 
attic of the unsprinklered 3-story building. 


Careless Smoking 


Careless smoking is responsible for 
about one out of four nursing home fires, 
showing that the patients themselves are 
not blameless when nursing home fire ex- 


perience is considered. Instruction of 
these people in the importance of follow- 
ing a few smoking rules — smoking only 
in designated rooms, no smoking in sleep- 
ing rooms except when attendants are 
present, use of safely designed ash trays* 
—will pay dividends in fewer fires. 

Six men were killed in a nursing home 
at Billings, Montana in 1953 when fire 
caused by careless smoking spread rapidly 
over combustible fibreboard on walls and 
ceilings, trapping occupants in their beds. 
The fire started when an elderly occupant 
while smoking accidentally ignited a cur- 
tain in his room. 


A fire in Omaha, Nebraska, March 23, 
1948, that took eight lives indicates that 
nursing home personnel are also guilty of 
careless smoking. Investigators concluded 
that the owner of this home followed his 
usual practice of going downstairs for a 
midnight snack, after which, on this par- 


*See Sept. 1954 “Fire News,’ page 10 for 
article on ash trays (reprints, 5c each). 
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ticular night, he lay down for a smoke on 
an overstuffed sofa in the front hall. He 
fell asleep. The fire had spread from the 
sofa up the open stairway to the second 
story before being noticed by a neighbor 
an hour and a half later. 


Housekeeping 


For lack of a better term ‘‘poor house- 
keeping” is used to describe a multitude 
of housekeeping sins that cause fires. 
Since most of these sins involve accumula- 
tions of rubbish and worthless materials 
of one sort or another, it follows that fires 
from this cause do not occur in clean and 
neat establishments. 


It was not rubbish accumulation, but a 
form of poor housekeeping nonetheless, 
that caused a fatal fire in Hoquiam, 
Washington in 1951. Twenty-one aged 
men and women lost their lives. The fire 
was due to the careless practice of hang- 
ing sheets and blankets to dry above an in- 
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Gallagher Nursing Home; Billings, Montana, January 25, 1953. 


cinerator in the first floor laundry roor 
Nothing happened until the next di 
when a maid emptied a wastebasket in! 
the incinerator. Sparks ignited the sheet 
and flames spread with sickening spec 
through an open laundry chute and up tk 
only interior stairway, both of which te 
minated in the second story hallway. A 
outside stairway, the only other way ou 
was cut off because it was exposed | 
flames belching from a window in th 
laundry. 


Fire Protection Features 


When a fire occurs we can be prett 
sure that no casualties will result an 
property damage will be small if the fi 
is discovered and extinguished prompth 
A human nose is about as good a fire de 
tection device as you can find /f its owne 
is present and awake when the fire start: 
and a glass of water is an excellent fir 
extinguisher /f the fire is small enoug 
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when discovered. The “‘ifs,’’ however, do 
not always describe actual conditions and 
it will be wise to supplement noses and 
water glasses with more reliable means of 
fire protection. Such protection is avail- 
able in the form of automatic sprinklers, 
automatic fire alarm systems and approved 
fire extinguishers. 


Sprinkler Systems 


Arguments have been raised against 
sprinkler systems on the grounds that they 
are costly to install. It is true that a large 
investment is sometimes involved but it is 
also true that the dividends are very at- 
tractive. There is no denying the excel- 
lent protection afforded by these systems 
as substantiated by records of actual per- 
formance in fires. When installed to pro- 
tect the entire building these systems 
largely counteract the fire hazards intro- 
duced by building construction, contents, 
habits of occupants and lack of other 
types of fire protection. A loss of life fire 
in a nursing home completely equipped 
with a sprinkler system has yet to be re- 


te 


Wide World 





ported to the NFPA. This record is not 
due to chance, but to repeated perform- 
ances such as occurred at the two follow- 
ing fires. In Somerville, Massachusetts, 


on September 26, 1952, firemen re- 
sponded to a central-station-supervised 
sprinkler alarm to find that 10 sprinklers 
had practically extinguished two fires that 
had been set in clothing and mattresses 


stored in the attic of the 5-story home. 


And in Pasadena, California, on Novem- 
ber 21, 1948, a nursing home was spared 
a serious fire and possible casualties when 
a sprinkler in a janitor’s closet detected 
and extinguished fire in a trash barrel. 


Automatic Detection Systems 


An automatic fire alarm system is a 
much more reliable fire detector than the 
human nose provided it is an approved 
system, is installed to cover all parts of 
the building including basement, attic, 
closets and other out-of-the-way places 
and is properly maintained. These sys- 
tems detect fires and give the alarm 
automatically and are not to be confused 





McClary Convalescent Home; Hoquiam, Washington, January 30, 1951. 
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Catholic Home for the Aged; Garfield Heights, Ohio, February 2, 1946. 


with alarm systems operated manually 
after the fire has been discovered. The 
records are filled with cases where lives 
could have been saved had some means 
been provided to detect the fire early 
enough that patients could be evacuated. 


Fourteen occupants of a nursing home 
lost their lives in a fire at Garfield 
Heights, Ohio in 1946.* Looking at the 
building from the outside and noting that 
it was only one story high and had sev- 
eral wide exits, one might be excused for 
thinking that the occupants had nothing 
to fear from fire. A look inside, however, 
and the picture would change, since the 
large undivided attic, the highly com- 
bustible interior finish and the absence of 
automatic protection would suggest sev- 
eral ways in which fire could endanger its 
occupants. This tragic fire started in the 
attic and since there was no automatic 


*See April 1946 Quarterly for detailed report. 
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means provided for discovering fire, | 
developed unbeknownst to the occupant 
until it burst through the ceiling an 
flashed over the combustible interios 
Compare these results with the experienc 
of a nursing home at Charleston, Sout! 
Carolina when a fuel oil fire occurred i 
the basement on April 26, 1952. The fir 
was almost immediately detected by ai 
automatic fire alarm system that operate 
an alarm bell in the building and simul 
taneously transmitted the alarm to the fir 
department. Alerted by the alarm, age: 
occupants filed from the building accord 
ing to a prearranged evacuation plan an 
firemen arrived to put out the fire wit 
a booster line. 


Fire Extinguishers 

Approved type fire extinguishers hav 
put out a large number of small fires ii 
nursing homes and are highly desirabl 
protection to have available. However, | 
is important to remember that fire extir 
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guishers are worse than useless if the 
nursing home personnel do not know 
how to use them, and it should also be 
kept in mind that because of the limited 
amount of extinguishing agent in them, 
they are effective only on fires that are 
small when discovered. 


On detecting a fire, good judgment is 
needed to decide whether the fire is small 
enough to be controlled by a fire extin- 
guisher or whether help should be called 
at once and evacuation of occupants com- 
menced. A fire in a Philadelphia nursing 
home was mentioned in which employees 
used twelve fire extinguishers before call- 
ing the fire department. To anyone with 
a knowledge of what a fire extinguisher 
can and cannot be expected to do, it 
would have been obvious that this was no 
fire for extinguishers and the fire depart- 
ment would have been called at once. Had 
this been done the fire undoubtedly could 
have been confined to the room of origin. 


The adequacy of training in use of fire 
extinguishers shows up when a fire oc- 
curs. If the attendant has been shown 
how to use the device and has gained con- 
fidence in its effectiveness through actual 
use, the fire will usually be controlled 
without difficulty. When this training has 
not been thorough results are sometimes 
like those at the fatal nursing home fire 
in Colesville, Maryland in 1951. When 
discovered by two attendants, the fire was 
confined to a closet in one of the wards 
in the annex. The fire was then relatively 
small and good judgment should have 
suggested that one attendant give the 


alarm and start the prearranged evacua- 
tion program in motion while the other 
attacked the fire with an extinguisher. 
The alarm was given, and attendants com- 
menced evacuation as instructed but no 
one thought to use any of the convenient- 
ly located fire extinguishers. During the 
15 minutes required for the nearest volun- 
teer fire department five miles away to 
assemble and get to the scene, the fire 
broke out of the closet, spread through 
the combustible annex and into the con- 
necting main building. Most of the 50 
occupants had been removed by the time 
firemen arrived but four died, one who 
could not be removed in time, two who 
went back into the building after being 
rescued, and one who, although rescued, 
later died from his injuries. 


The reports of nursing home fires cited 
have served to indicate what factors are 
responsible for casualties and property 
damage in nursing homes and how these 
factors can be eliminated. Many more 
fires are on file that illustrate these fire 
safety weaknesses but the evidence already 
presented should be sufficient to show 
where attention should be focused. The 
22 fires cited contained conclusive evi- 
dence that life safety of nursing homes 
can be materially improved by eliminating 
five notable fire protection weaknesses in 
the construction of the building, by taking 
certain steps to lower the fire hazards of 
the contents of the building, by initiating 
a fire safety program for the people in the 
building and by providing means for 
prompt discovery and control of any fire. 








Eutectic Metals in Fire Protection* 
By O. J. Seeds 


Cerro de Pasco Corporation 


It is not likely that many people be- 
sides those directly concerned with the 
manufacture, installation, inspection or 
maintenance of fire protection devices are 
aware of the presence and importance of 
the eutectic metals which guard our safe- 
ty in numerous ways. These little watch- 
men (known as fusible plugs, sprinkler 
links, fire-door release links, fire detec- 
tors, and safety valves) are as depend- 
able as human ingenuity can make them 
but are often taken for granted. Per- 
haps it would be valuable to understand 
these guardians by focusing some atten- 
tion on the materials, manufacturing proc- 
esses and controls which govern their 
reliability. Eutectic metals — what are 
they? What is the meaning of eutectic? 


Perhaps ‘the simplest definition of 
eutectic is the literal translation from the 
Greek which means easily melted — of 
maximum fusibility. To a metallurgist, 
an eutectic alloy is a composition of two 
or more metals giving the lowest, or 
sharpest, melting temperature possible of 
any combination of said metals, Non- 
eutectic alloys (off-eutectic alloys of the 
same combinations of metals) do not 
melt sharply; that is, they have a mealy, 
plastic, mushy or crystalline range be- 
tween ‘the solid and liquid states which 
is referred to as the melting range. 

A well known example of an eutectic 
alloy is 61.9 per cent tin and 38.1 per 
cent lead. This alloy has a melting tem- 


*Based on a talk by the author presented at 
the 58th NFPA Annual Meeting held May 
17-21, 1954 in Washington, D. C. 


perature of 361° F, An off-eutectic co 
position of the same two metals, 50 | 
cent tin, 50 per cent lead, has a melti 
range of 361°F-421°F. This all 
called 50-50 solder, is fairly easy to apy 
in soldering because it is grainy a 
mushy enough to stay put, does not r 
off the work. To some extent, this fac 
of ease of handling governs the selecti 
of fusible alloys found in certain tyy 
of fire protection devices, for example 
sprinkler links which require very ca 
ful soldering for assembly. 


Eutectic Metals 

The metals used in fusible alloys ; 
bismuth, lead, tin, cadmium, indium, s 
ver and antimony and they are made 
in combinations of two or more. It 
of interest to note that an alloy of two 
more of these metals has a lower melti 
temperature than that of any of its co 
ponent metals. The majority of spr 
klers, fire-door release -links,  fusil 
plugs, or other devices operating bel: 
203°F, employ the four metal alloys 
bismuth, lead, tin and cadmium. [ 
vices operating at higher temperatures \ 
alloys of three metals or two meta 
These may be bismuth, lead, tin; bismu 
lead; or lead, tin. The last is gen 
ally known as solder — lead tin solde 


Reliable performance of safety devi 
depends upon the uniformity of allc 
used and careful attention is paid to t 
details of compounding them. Whetl 
the alloy is made up by the manufactui 
of a given device or is purchased from 
supplier like Cerro de Pasco Corp., ot 
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virgin metals of a high standard of pur- 
ity are used. The ‘Safety Relief Device 
Standards’”* of the Compressed Gas 
Association specify: bismuth, technical 
grade, 98-99.5 per cent; lead, pure chem- 
ical, 99.99 per cent; tin, pure Straits, 
99.+ per cent; cadmium 99.9 per cent. 


After a fusible alloy composition has 
been adopted by a manufacturer, it is 
essential that this alloy does not vary 
from batch to batch, no matter how much 
time elapses between purchases. This 
unvarying uniformity of alloys is con- 
trolled by the use of pure metals, ac- 
curate weighing of metals in making up 
alloys, proper melting and mixing, ob- 
servance of such details as thorough stir- 
ring before pouring into molds and the 
temperature at which pouring is done. 
Batches are sampled and checked against 
standards to assure uniformity before 
shipment. It is the practice to furnish 
whenever desired, a certificate giving the 
exact makeup by weights of components 
rather than by chemical determinations. 


To indicate how precise fusible alloy 
compositions must be, many years ago 
when my company first began to supply 
bismuth metal to fusible link manufactur- 
ers, silver was present as an impurity. It 
was allowed to remain in the bismuth in 
trace amounts. Certain link manufactur- 
ers developed their products using this 
silver bearing bismuth. Years later, an 
improvement in our refining process com- 
pletely eliminated the silver content. We 
naturally started to deliver this higher 
purity metal to customers without think- 
ing it mecessary to notify anyone of the 
change. In a very short time, complaints 





*Available from the Compressed Gas Associ- 
ation, 11 West 42nd St., New York, N. Y., 
Pamphlet S-1, 35 cents each. 


were received from link makers that 
their products were not testing properly. 
A study was made to determine the cause 
of complaints and it was found that ab- 
sence of this fraction of a per cent of 
silver was responsible. Since then, this 
small but important quantity of silver, 
originally considered merely an impurity, 
has been added purposely when batches 
of fusible metals are made for the fusible 
elements of links of this type. 


Testing Fusible Alloys 

Each type of fusible device has a set 
of standards to which it must conform. 
Certain rigid test conditions set up by 
manufacturers’ associations, the Under- 
writers’ Laboratories and the Factory 
Mutual Engineering Division must be 
met by regular production products to 
obtain and retain approval of listing. A 
dependable method of testing fusible al- 
loys is essential to assure that they are 
identical year in and year out. It is neces- 
sary to have a method for determining 
yield temperatures that gives completely 
reproducible results. 


Yield Temperature Test 

In the method employed by Cerro de 
Pasco a cast bar of the metal to be tested 
is used. This bar is 11/64 inches in 
diameter and 8 inches in length. Two 
pieces of this bar 2 inches long are placed 
on 2 parallel knife edges spaced 1 inch 
apart. Pieces are so placed that the ends 
overhang the knife edges by 1/2 inch. 
The supported samples are immersed in 
a glycerin bath not closer than 1/4 inch 
from the bottom of a beaker. This beak- 
er is suspended in and controlled by an 
outer glycerin bath, Two thermometers 
are used, one in the inner bath with im- 
mersion bulb at the same level and close 
to the samples, the other in the outer 
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THERMOMETERS 
(GRADUATED TO 1I°C) 


VOLTAGE 
REGULATOR 


ELECTRIC HOT PLATE 


DOUBLE GLYCERINE BATH 
PRESCRIBED BY COMPRESSED 
GAS ASSOCIATION FOR 
YIELD TEMPERATURE TEST 





Figure No. 1. 





bath. Heat is applied so as to maintain 
both baths at about the same temperature 
but the temperature of the inner bath is 
not permitted to rise faster than 5°F per 
minute. When the second of the four 
overhanging ends loses its rigidity and 
drops, the temperature of the inner bath 
is recorded as the yield temperature. 


With the exception of the thermomete 
in the outer bath, this testing procedur 
is that prescribed by the CGA. 


Freezing Range and Flow Point Test 

In addition to this yield test anothe 
reliable and accurate test is made on fu: 
ible alloys that also gives completely re 
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producible results, Four ounces of the 
alloy to be tested are melted and poured 
into an annealing cup. A short immer- 
sion bulb Centigrade thermometer is im- 
mersed in the molten alloy after it has 
been removed from the heat source. 
Temperature readings are taken every 30 
seconds with continuous stirring. The 
temperature at which the first crystal 
appears is noted. As the temperature con- 
tinues to fall and the alloy appears to be 
approaching the solidus, the annealing 
cup is tilted to an angle of 45 degrees. 
At this angle, the alloy, in its semi- 
molten state, will flow. When the metal 
no longer flows when thus tilted, the 
temperature is recorded as the flow point. 
This temperature, in almost all cases, 
coincides with the yield temperature de- 
termined by the Compressed Gas Asso- 
ciation test and is thus a good cross 
check. The solidus is recorded as the 
temperature at which the point of a lead 
pencil can no longer be dented into the 
surface of the solidified metal. Tempera- 
ture readings continue to be made until 
the alloy reaches room temperature. 


The readings are plotted on a standard 
20 x 20 graph paper with temperature 
readings on the ordinate and time read- 
ings on the abscissa. Hundreds of these 
freezing curves, or melting curves, have 
been accumulated during the many years 
that our company has been manufactur- 
ing low temperature melting alloys, These 
tests have proven to be extremely reliable 
and fully reproducible for the same com- 
positions. Occasionally, unknown alloys 
are tested and after the curve has been 
plotted, it is compared with other curves 
until one is found that matches perfectly. 
The chemical analysis of the unknown 
proves out within a fraction of percent 
in most cases and thus this test is con- 


sidered reliable enough to permit elimin- 
ation of chemical analysis in many cases. 
The freezing range determination is sim- 
ple, rapid and accurate, whereas the melt- 
ing point determination is slow, requires 
elaborate apparatus and in general is not 
considered quite as accurate a method. 
The melting range curve usually gives 
slightly higher temperature readings at 
the main points. 


Nut Method 

The Chlorine Institute has set up 
standards (known as the Nut Method) 
for valves and fuse plugs to be used in 
cylinders and containers for chlorine gas. 
The Institute prescribes definite composi- 
tions of bismuth, lead, tin, cadmium alloy, 
together with acceptable standards of pur- 
ity of the components and a procedure 
to be followed in compounding as well 
as testing. This method is an equally 
reliable testing procedure for determining 
the melting point of a fusible alloy. A 
brass hex nut having a threaded 5/16 inch 
hole is filled with fusible alloy and al- 
lowed to solidify. The nut should be of 
ample size to provide adequate heat con- 
ductance to the fusible metal. Suitable 
dimensions are 1/2 inch thick and 5/8 
inch across the flats. The fusible metal 
filled nut is suspended with the axis of 
the bore vertical in the center of a 2 liter 
beaker filled with water or glycerin and 
equipped with a mechanical stirrer to 
keep the water or glycerin temperature 
uniform throughout the bath. If water 
is used, it should be first boiled to elimi- 
nate dissolved air interference, due to 
gas bubbles clinging to the nut. The tem- 
perature is increased carefully to 155°F 
and then raised at a rate not to exceed 
1°F each 3 minutes. Melting point is the 
temperature at which metal is first ob- 
served to sag from the hole in the nut. 








108 


Uses of Eutectic Metals 
The types of devices using fusible 
metals for fire protection purposes fall 
mainly into three classes: links, plugs and 
Generally speaking, the links in 
common use are for sprinklers and _fire- 
door releases. 


fuses. 


Sprinkler Links 


Courtesy ‘Automatic’ Sprinkler Corp. 
Figure No. 2. A _ modern spray 
sprinkler with a 165° fusible link. 


These devices consist generally of an 
assembly of three pieces: two pieces com- 
prise the body and the third piece the 
key. All three parts are carefully sold- 
ered together by an exacting soldering 
technique. These links are rated after 
testing to determine their yield or “‘let- 
go’ temperatures. The link most com- 
monly known (classified as “‘ordinary’’) 
and used in most occupancies is known 
as the 165° link. Others with higher 
ratings are known as the 212° link (‘“‘in- 
termediate’), the 286° link (‘hard’), 
and the 360° link (“extra hard’’).* 
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Door Closers 





Courtesy Richards-Wilcox 
Figure No. 3. A fusible link of the 
type listed by Underwriters’ Laboratories 
for fire door hardware. Approved with 
160°, 212°, 286° and 360° ratings. 


Door-release links may form a part o! 
a spring-loaded self-closing device or « 
part of a rope or chain over pulleys hold 
ing weights which keep a door on ; 
slanting track in a normally open posi 
tion.** In either case, if the link shoulc 
“let-go,”” due to fire, the doors protectec 
by them would positively close to carry 
out the function. 


Plugs 

Fusible plugs are made in many vari 
eties and very definite specifications have 
been developed for their proper desigr 
and construction. In general, a fusibl 
safety plug for a compressed gas tank 
will consist of a base of brass providec 
with pipe threads on the outside and ; 
hexagonal section for wrenching. The 
inside may be a through hole havins 
tapped threads; it may be tapered with 
the small diameter holes facing the at 
mosphere side, or it may be a step drillec 
hole, again with the small diameter fac 
ing atmosphere. This type of plug i: 
generally used for gases of the low anc 
medium pressure class. 


For gases which are transported ir 
containers under higher pressure, th« 


*See NFPA Standards for the Installation ot 
Sprinkler Systems (NFPA No. 13), Par. 610. 


**See NFPA Standards for Protection o! 
Openings in Walls and Partitions (NFPA No 
80), Paragraph 410. 
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Figure No. 4. This automatic fire door closing device employs a fusible link. 
The link is insulated from heavier metal parts and the arm insert which holds the 
link is made from the same metal and is further insulated with fibre where it joins 
the arm. Operation is effected when the link fuses which allows the lever to snap up 
and be disengaged at both ends (although held to the arm by the centralizing 
lever). Spring tension allows the ball shown to roll out of its slot allowing the door 


to close. 


safety plugs are fitted with rupture discs 
in addition to the fusible alloy protection. 
The fusible alloy is always on the at- 
mosphere side of the release device and 
serves to back-up the rupture disc so that 
under normal conditions, the combined 
strength of the alloy and the disc will 
withstand the pressure. If a fire should 
occur and the fusible alloy should melt, 
then the rupture disc is free to burst and 
release pressure. 

We have mentioned that definite speci- 
fications or standards have been estab- 
lished for designing and testing links and 
plugs. This is also true of the method of 
loading fusible alloys into safety plugs 
and the kinds of fluxes which may be 
used. The manufacturers of these impor- 
tant safety devices insist upon using only 
thoroughly experienced personnel for 
soldering links and loading plugs. 


Fuses 

There are numerous types of fire alarms 
which employ low melting alloys for giv- 
ing warnings or signals of fire. Again, re- 
liability is highly essential. Fusible alloys 
in this use may consist of circuit links of a 
low melting alloy connected directly in an 





Courtesy Superior Valve & Fittings Co. 


Figure No. 5. Three-quarter inch 
pipe thread fuse plug used in ton con- 
tainers of chlorine and other high pres- 
sure gases. In service, pressure is at base 
of tapered section. ‘Internal threads give 
additional bonding area to assist in sup- 
porting fuse metal column at 120°-130° 
ambient temperatures. Nominal melting 
temperature is 157°F. 
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Courtesy Superior Valve & Fittings Co. 


Figure No. 6. Fire extinguisher valve 
made for a stored-pressure dry chemical 
extinguisher distributed by Safety First 
Products, Inc. Cutaway shows fusible safe- 
ty plug which has meiting temperature of 
275°-290°F. Plug hole is tapped to pro- 
vide ample bonding surface to support 425 
pounds per square inch pressure in 200°F. 
ambient temperature without cold flow. 


electric circuit. When broken, due to 
melting by the heat of a fire, an alarm is 
sounded. In other fire alarms, the fusible 
element may not carry current but be so 
arranged as to trigger spring-wound or 
compressed gas mechanisms to ring a bell 
or sound a horn. 


Reliability of Fusible Alloys 


It is a source of never ending wonder 
to those of us who are directly connected 
with the production of these safety de- 
vices that they function so reliably even 
after many years in service. I think the 
credit for this reliability is divided ap- 
proximately one-third, or less, to the 
manufacturer of the fusible alloys and 
two-thirds, or more, to the people who 
assemble and test these metallic watch- 
men. It is an engineering feat to produce 
a small link which will support a dead 
load of 100 pounds or 150 pounds for a 
period of years, when the solder holding 
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the parts together, if tested under such 
loading by itself, might break within a 
relatively short period of time. We know 
of sprinkler links, for example, which 
have been under a 100 pound load for as 
long as 30 years without breaking apart. 
It should be noted that it is just as essen- 
tial that a sprinkler shall hold together 
under normal conditions as it is to break 
apart under fire conditions. 

Mention should be made of a condition 
which may have a definite bearing on re- 
liable performance of sprinklers under 
high temperature conditions. For instance, 
sprinklers rated at 360°F have failed to 
function at 400°F (or somewhat higher) 
after being in service at locations having 
300°F temperatures over a long period of 
time. The question has been asked: “Why 
should this be the case when the solder 
used to make the original sprinkler assem- 
blies was used to prepare fresh sprinklers 
which would function at 360°F?” It is 
our belief that the sprinklers which were 
subjected to 300°F temperature for long 
periods of time underwent a definite phys- 
ical change. Since the alloy used to make 
the 360° link is high in tin, some of the 
tin content migrated into the base metal 
of the sprinkler. Also, some of the cop- 
per in the base part, which would be 
either brass or bronze, migrated into the 
lead, tin solder. In this way, a new alloy 
was formed at the interface. Said alloy 
would, naturally, have a higher melting 
temperature than that of the original sol- 
der. We are quite certain that this theory 
would be borne out by a chemical analysis 
of the interfacial layer. 

Another interesting situation has been 
recently called to our attention. A fire ex- 
tinguisher of the compressed gas type, 
having a fusible safety valve, intended to 
“let-go” at about 212°F, was put into 
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service in a diesel locomotive. After a 
short period of service in this abnormally 
hot location, it was discovered that the 
alloy had partially extruded from the 
safety plug, allowing leakage of gas. This 
rendered the extinguisher worthless. A 
photomicrograph revealed that eutectic 
melting had occurred. Eutectoid particles 
of the off-eutectic alloy used in this plug 
segregated from the other components 
which were in excess. Under the condi- 
tions of internal pressure and high ambi- 
ent temperature, eutectic melting served 
as a lubricant to allow the center core of 
the plug to extrude. The condition was 
corrected by substituting a plug contain- 
ing an alloy which was rated to “‘let-go” 
at 275°F. The purpose in citing this case 
is to point out that in selecting alloys for 
various safety purposes, it is important 
that all factors be considered, particularly 
the factor of ambient temperature at the 
location in which the device is to function. 


There has not yet been any way devised 
to select a fusible alloy except by the trial 
and error method. For instance, an inven- 
tor may want to make a fire detection de- 
vice. He decides that 160°F is the tem- 
perature at which he wants it to function. 
He may find there is an alloy which has a 
yield temperature of 160°F. He pur- 
chases a quantity and proceeds to test it. 
He is disappointed when the device does 
not “‘let-go” until ambient temperature 
goes a number of degrees above 160°F. 
Or, the reverse may be the case and the 
device goes off several degrees below 
160°F. The best procedure to follow is 
to try out various samples of fusible al- 
loys under actual working conditions and 
tabulate results. If none of the existing 
combinations is found satisfactory, new 
alloys should be tried until the desired 


composition is obtained. 


Digest of Annual Meeting Discussion 


Question: What deterioration takes place 
in the fusible alloys in sprinkler links over 
long periods of time? Is it advisable to 
replace sprinklers after a certain time? 

Answer: It is not necessary to throw all 
sprinklers away after certain periods of service. 
Time and ambient temperatures are important 
factors. Prolonged 300°F exposure may result 
in solder in a link changing physically by mi- 
gration of the tin into the base metal of the 
sprinkler and by migration of copper from the 
sprinkler base metal into the lead-tin solder. 
360°F sprinklers might advisedly be changed 
for new ones after certain periods of time. 
In the case of softer links (165°, 212°F. and 
others) there is a much wider spread between 
the normal ambient temperature and the melt- 
ing point of the tin (450°F.) in the solder. 
The Laboratories have not found deteriorations 
are as great in softer (low temperature) links 
as they are in the harder (high temperature) 
links. 

Question: After a period of years, is there 
a chance that fusible metals in fire devices 
may deteriorate to the extent that the operat- 
ing temperature of the fusible metal would 
be raised higher than when first made? 

Answer: After a long period of time, 
this diffusion of tin will eventually take 
place. In the case of sprinklers, there is 
nothing to fear because links are dated and 
each year certain links are tested. If the links 
are found off-standard, they can be changed. 


Question: Why are there no commercial- 
ly available alloys between 621°F, the melt- 
ing point of lead, and 1140°F, the threshold 
of the silver solders? 

Answer: No one has found one which is 
satisfactory within that range. 

Question: To what extent does the pres- 
ence of flux have an effect on the flow 
point of a fusible alloy? 

Answer: Flux has little or no effect on the 
flow temperature of the solder but does 
affect its wetting action. 


Question: If there is oxidation, can this 
raise the temperature appreciably? 

Answer: The oxidation is only on the 
surface. It may encase your alloy in a shell 
which may have some indirect effect on the 
melting point. One alloy, Bismuth-Lead eu- 
tectic (5514 per cent bismuth, 4414 per cent 
lead), is very subject to atmospheric oxida- 
tion and is not good for links. 








What Causes Electrical Fires? 


By Charles L. Smith 
NFPA Electrical Field Engineer, and 


E. C. 


Cogan 


Assistant Technical Secretary 
International Association of Electrical Inspectors 


A total of 16,407 electrical fires were 
reported during 1953 to the Interna- 
tional Association of Electrical Inspectors 
(IAEI) from 58 cities in the United 
States, Canada and Hawaii. A study of 
these fires shows that defective installa- 
tion of electrical equipment was the lead- 
ing known cause (14.95 per cent of all 
fires). Percentagewise this was a 187 
per cent incrcase over the previous year 
in fires from this cause! Equipment 
which wore out in service was the sec- 
ond most frequent known cause 
(13.95 per cent of all fires). Table No. 


1 lists the major fire causes. 


Motor winding burnouts were a prin- 
cipal defect. Automatic fractional horse- 
power motors and domestic refrigerator 
motors were identified as being highly 
subject, but in over 1,800 such motor 
burnouts, the type of motor was not iden- 
tified. In 1953, this origin jumped 3.4 
percentage points over 1952’s record. 
Heated appliances and _ incandescent 
lamps in contact with or too close to com- 
bustible material constituted the second 
most prevalent source of fires, Cords, par- 
ticularly on circuit extensions, were 
"third. 


About 3.2 per cent of the fires orig- 
inated in television receiving sets. 
Table No. 2 reports the important 
origins of these electrical fires and 
Table No. 3 gives a detailed tabula- 
tion indicating the specific types of elec- 
trical equipment involved. 


The reports received by the IAEI fron 
58 cities were voluntary services by the 
electrical inspectors of the cities listed ir 
Table No. 4. The report form used is re. 
produced on page 118. During 1953, 
fourteen more cities performed this 
service than in the previous year, indi- 
cating an increasing interest in analyz- 
ing the direct causes of fires originat- 
ing from the misuse of electricity. Six 
years ago only 2 cities cooperated. 


Greater participation among the 524 
U. S. cities whose population exceeds 
25,000 and among similar Canadian mu- 
nicipalities is greatly desired. This report 
contains conspicuous omissions in quan- 
tity of reported incidents and too many of 
the fires are listed “reported of electrical 
origin, no other details.” 


It is only through detailed study of 
every fire reported that intelligent meas- 
ures can be taken to combat the menace 
of electrical misuse which today results 
in millions of dollars in fire damage, 
untold hardships and loss of life. The 
IAEI has published a “Manual for In- 
vestigating and Reporting Electrical 
Fires” to guide inspectors in making 
orderly, helpful studies on a uniform, 
international scale. The most compel- 
ling reason for these investigations is 
that through such studies changes may 
be made in the National Electrical 
Code which, when enforced, will cor- 
rect fire hazardous conditions. 

(Continued on page 116) 
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Table No. | — Standard Classification of Electrical Fire Causes 
1953 Experience. Source: International Association of Electrical Inspectors 
No. of Reported Per Cent of 

Cause of Fires Fires Total 
(a) Defective installation 2,455 14.95% 
(b) Worn out in service 2,289 13.95% 
(c) Improper use of approved equipment 1,009 6.15% 
(d) Accidental occurrence 1,067 6.50% 
(e) Unknown or not reported 7,282 44.40% 
Reported of electrical origin, no other details 2,305 14.05% 
Total fires reported 16,407 100.00% 


Notes to Table No. 


The five standard classifications noted above (c) 
(a, b, c, d, and e) are used to secure compara- 
tive results from all reporting agencies. The 
“Manual for Investigating and Reporting Elec- 
trical Fires’ gives the following explanations 
for the five items: 
(a) “Defective installations” means installa- 
tions which are improperly installed 
or installed in a manner not accept- 
able by the National Electrical Code (d) 
—i.e. a fractional horsepower motor 
automatically started which does not 
have overcurrent running protection 
as recommended by the Code. 
(b) “Worn out in service” indicates equip- 
ment actually worn out in service or (e) 


wires having served a full and useful 
purpose for a period of years which 
have deteriorated strictly from service 
thereby resulting in a fire. 


“Improper use of approved equipment” 


indicates that while the equipment 
itself complies with safety standards 
of recognized testing laboratories, 
fires have occurred because such 
equipment is used under conditions 
not covered by its approval—i.e. use 
of No. 16 lamp cord for extension 
lights in hazardous locations. 


‘Accidental occurrence’ implies fires 
caused by such occurrences as clothes 
left in contact with lamps, dropping 
materials into electrical equipment ac- 
cidentally, heated appliances left on 
unintentionally, etc. 


“Unknown or not reported” should in- 


clude only those fires of probable 
electrical origin wherein the evidence 
has been destroyed to such an extent 
that a cause cannot be assigned. 


Table No. 2 — Standard Classifications of Fire Origins 


1953 Experience. 
No. 


Place of Fire Origin 

Origin due to motor winding burnouts 

Origin due to wires and cables 

Heated appliances and incandescent lamps left in circuit, 
urattended and in contact with or too close to com- 
bustible material 

Origin on cords 

Fixtures, outlets, sockets, receptacles 

Origin in TV receiving sets 

Origin due to transformer burnouts 

Signs 

Origin in radio receiving sets 

Cutout cabinets, control panels, boards 

Lightning 

Switches 

Origin in Christmas tree wiring 

Origin on or due to miscellaneous wires and devices 

Reported of electrical origin, no other details 


Total fires reported 


Source: International Association of Electrical Inspectors 





of Reported Per Cent of 
Fires Total 

5,541 33.80% 
2,519 15.33% 
B,io7 7.05% 
1,074 6.55% 
875 5.33% 
526 3.21% 
242 1.48% 
218 1.33% 
163 0.99% 
140 0.85% 
106 0.65% 
59 0.36% 
31 0.19% 
1,451 8.83% 
2,305 14.05% 
16,407 100.00% 
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Table No. 3 — Detailed Tabulation of Fires of Electrical Origin 


1953 Experience. Source: International Association of Electrical Inspectors 


Defect- 
ive Im- Acci- 
Install- Worn proper’ dent- Un- 
ation Out Use al known No. o 
(a) (b) (e) (d) (e) Fire: 
Appliances 
Irons in mercantile occupancies 0 2 7 1 0 1 
Irons in residential occupancies 9 16 98 63 12 19 
Misc. heated tools and appliances 119 45 60 31 65 32 
Location not reported 2 0 21 78 444 54 
Cable 
Armored 15 17 3 99 3 13 
Elevator light or control 1 4 0 0 0 
Used on large portables 1 0 0 0 0 
Non-metallic sheathed 3 4 6 0 0 1 
Range 4 10 0 2 0 1 
Service entrance 11 42 10 0 1 6 
Christmas tree wiring 7 3 14 0 7 3 
Cords 
On miscellaneous appliances 56 40 17 7 9 12 
On portable lamps 53 29 8 4 2 9 
Circuit extensions 268 24 35 5 36 36 
Type or cause not reported 205 14 2 1 259 48 
Cutout Cabinets and Distribution Panels 42 17 28 4 21 11 
Elevator Control Board 1 3 0 3 21 2 
Fixtures 
Chain 44 5 111 14 3 17 
Drop cord ry 23 1 2 3 4 
Electric discharge lamps (under 1,000 
volts ) 55 49 14 3 18 13 
Electric discharge lamps (over 1,000 volts) 1 0 0 0 0 
Miscellaneous type not reported 29 16 4 2 22 9 
Lamps (incandescent) 8 13 30 14 19 8 
Meters (defective) 3 26 0 2 17 4 
Motion Picture Projectors 0 0 0 0 0 | 
Motors (Winding Burnouts) 
Domestic refrigeration 100 421 29 88 1,460 2,09: 
Fractional HP automatic control 165 43 146 47 124 91 
1 HP and over automatic conirol 12 46 8 i, 23 9 
Manual control 30 39 10 3 500 58: 
On elevators 10 Z 1 1 30 4 
Load not reported 56 310 162 11: 1,261 1,80 
Outlets 
For fixtures and junctions 138 52 13 19 9 23 
Miscellaneous 8 6 1 3 55 F 
Radio Receiving Sets 16 20 2 8 117 16 


Receptacles 11 a7 1 19 38 8 
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Table No. 3. Detailed Tabulation of Fires of Electrical Origin 


Defect- 
ive Im- 
Install- Worn proper 
ation Out Use 
(a) (b) (ec) 
Signs 
Neon (inside) 6 6 1 
Neon (outside) 47 48 11 
Location not reported 1 3 0 
Sockets 
Incandescent lamps 8 5 11 
Electric discharge 0 4 
Sparks 
Motor brushes 12 1 4 
Static 0 5 11 
Welders 5 0 5 
Toy trains 0 0 0 
Switches 
In canopies of fixtures 4 1 0 
In gasoline pumps 0 0 0 
Miscellaneous 3 15 4 
Television Receiving Sets 33 130 6 
Transformers 
Neon sign (portable) 14 36 0 
Neon sign (not portable) 8 12 0 
Low voltage 14 4 0 
High voltage other than neon 2 5 0 
Voltage not reported 0 0 0 
Wires 
In rigid conduits (inside) 15 10 3 
In rigid conduits (service) 10 20 4 
Bell 1 1 0 
Signal systems 1 9 3 
Telephone 0 0 0 
In gasoline pumps 7 0 0 
Service drops 3 1 46 
Overhead wires 9 19 0 
Miscellaneous 250 33 48 


Miscellaneous equipment other than wires 502 167 10 
Lightning 0 0 0 
Reported Electrical Origin (no other details) 0 0 0 


Total Fires Reported 


Electrocutions: 3 
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2,455 2,289 1,009 1,067 7,282 





115 

(Con't) 

Un- 

known No. of 
(e) Fires 
1 18 
15 147 
45 a 
0 27 
0 4 
3 31 
2 25 
a 20 
0 0 
0 5 
7 9 
21 45 
317 526 
0 50 
4 25 
46 67 
65 80 
20 20 
2 49 
3 40 
0 3 
1 24 
1 1 
0 7 
26 91 
26 70 
1,457 1,998 
636 1,327 
0 106 
0 2,305 
16,407 
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Table No. 4 


Cities Voluntarily Cooperating in Electrical Fire Reporting Service 


Sponsored by International Association of Electrical Inspectors 


Albuquerque, New Mexico 
Alhambra, California 
Ann Arbor, Michigan 
Atlanta, Georgia 
Bismarck, North Dakota 
Boise, Idaho 

Boston, Massachusetts 
Canton, Ohio 

Chicago, Illinois 
Cincinnati, Ohio 
Cleveland, Ohio 
Compton, California 
Dayton, Ohio 

Dearborn, Michigan 

Des Moines, Iowa 
Detroit, Michigan 
Duluth, Minnesota 
Eugene, Oregon 

Flint, Michigan 

Fresno, California 
Grand Rapids, Michigan 
Great Falls, Montana 
Houston, Texas 
Indianapolis, Indiana 
Jacksonville, Florida 
Kansas City, Missouri 
Lansing, Michigan 
Lincoln, Nebraska 

Lodi, California 


Other inspection authorities, including 
fire departments, fire marshals, govern- 
ment bureaus and insurance inspectors 
can cooperate in this program. Repro- 
duced below are pertinent sections of the 
instructions given in the IAEI Manual. 


Standard Reporting Methods 


An electrical fire is an instance of destructive 
burning where the origin of ignition was due 
to heat from an electrical source. 

Small fires are just as important as large 
ones. It is from the latter that the best data is 
available on how fires originate. 

Regardless of reported origin, all fires which 
occur within buildings that contain electrical 
wiring should be investigated by an electrical 
inspector to ascertain if the cause of the fire 


Long Beach, California 
Los Angeles, California 
Miami, Florida 
Milwaukee, Wisconsin 
Minneapolis, Minnesota 
Montreal, Quebec 

New York City, New York 
Oakland, California 
Olympia, Washington 
Oxnard, California 
Philadelphia, Pennsylvania 
Phoenix, Arizona 
Portland, Oregon 
Redwood City, California 
Reno, Nevada 

Richmond, Virginia 
Saginaw, Michigan 

St. Louis, Missouri 

San Bernadino, California 
San Francisco, California 
San Leandro, California 
Santa Barbara, California 
Spokane, Washington 
Stockton, California 
Territory of Hawaii 
Trenton, New Jersey 
Tucson, Arizona 
Vancouver, British Columbia 
Washington, D. C. 


was clectrical or if any wires were damaged by 
the fire. Notices of fires may be obtained from 
fire departments where such departments were 
called to extinguish the fire. The cause of the 
fire in many of these notices will be found in 
error or incorrectly stated. Cases reported as 
“unknown” will frequently be found to be of 
electrical origin. Some of those blamed on 
electricity will be found to be from other 
causes. There are many fires, however, that are 
extinguished by others or burn out of them. 
selves. Notice of these involving electrical 
equipment are usually obtainable from elec. 
trical contractors who are called upon to make 
repairs. Many municipal inspection depart 
ments do not permit repairs to electrical wiring 
damaged by fire, until an inspector has visited 
the scene of the fire. 

The value of actual experience in investigat 
ing fires as an aid in determining the cause of 
fires cannot be over-estimated. Instructions, nc 
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matter how detailed, cannot replace experience. 
In large inspection organizations, the investiga- 
tion of fires reported as of electrical origin 
should be made by one or two men. In a city 
of a size warranting the employment of 50 
electrical inspectors, there may be reported be- 
tween 1,000 and 2,000 fires per year of elec- 
trical origin. If these were investigated by the 
inspectors in whose district they happened to 
occur and if they were divided evenly, each in- 
spector would have the experience of investi- 
gating only about 20 fires per year. However, 
if such investigations are made by one inspec- 
tor he would have the experience of the greater 
number and would, as a result, be a much more 
competent investigator. 


It is the lack of personal investigation that 
has resulted in a lack of appreciation by many 
electrical inspectors of the number of fires 
probably due to electrical origin. It is certain, 
on the other hand, that an electrical inspector is 
familiar with the electrical conditions which 
cause fires. By being at the scene of a fire 
shortly after its occurrence, an electrical in- 
spector is in the best position and is the most 
competent person to make a statement as to 
whether the fire was of electrical origin, except- 
ing, of course, those instances where there were 
one or more competent eye witnesses. 


Evidence Often Circumstantial 


The character of the evidence in determining 
the cause of a fire will be circumstantial in 
many cases. A cause, however, must be deter- 
mined or a remedy cannot be suggested. If 
we are to assign a cause to more than a fraction 
of the actual number of fires that occur, we 
must accept as the origin the most probable ac- 
tion or condition existing at the time and place. 
If two or more actions or conditions are equal- 
ly probable, then, the cause must be reported 
as unknown. It follows, therefore, that the 
investigator should have some knowledge of 
the probability of all actions or conditions, 
whether electrical or otherwise, which do cause 
the majority of fires in any particular location. 
One method of investigation, where the cause 
is not clearly apparent, is by a process of elimi- 
nation. Probable causes are accepted or dis- 
carded by evidence shown by the conditions 
until the most probable one is found. 


It may seem inconsistent for engineers accus- 
tomed to dealing with proven facts to accept 
a “most probable” cause. However, there are 


very good reasons why such reports are of 
value. 
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In all except a very few fires, the cause could 
not be proven by the investigator. In only a 
few cases would there be eye witnesses whose 
statements could be corroborated. Therefore, in 
only a very small number of cases could the 
person making a report on the cause of a fire 
make his statements as an absolute fact. 


There are many electrical actions and condi- 
tions which have caused fires. Where any one 
of these, or others that may be added, are re- 
ported many times by trained investigators 
working in various sections of the country and 
using a standard method of reporting and 
classifying causes, facts as to the probability of 
such actions or conditions starting fires are 
established. There will certainly be errors in 
some reports, but the majority will be correct 
and a few errors will not affect the final anal- 
ysis. 


Importance of Investigations 


Any action taken to prevent fires of electrical 
origin, whether by changes in the National 
Electrical Code or publicity, will be governed 
by the number of fires or accidents reported. 
The number of such fires will also indicate 
whether the cost to the public, or to the elec- 
trical industry, in Code changes or publicity, is 
justified. It is very probable that information 
will be obtained that will warrant as many re- 
ductions as increases in the Code with a net 
result of a better Code. 


The occupancy and the condition existing in 
the location in which a fire originated are im- 
portant factors in determining the cause of any 
fire where the evidence is not conclusive. 


There will be cases where the evidence of 
origin has been destroyed by the fire, removed 
or partly removed before the arrival of the 
investigator. In other instances the probability 
of electrical and non-electrical origin will be 


equal. Many of these must be reported as 
unknown. 


Evidence of origin may be obtained by ques- 
tioning persons who were in a position to 
know and were familiar with the conditions 
previous to and at the time the fire occurred. 


Information on the actions or conditions 
which result in fires can be best obtained by 
study of the reports of fires as published by city 
fire prevention bureaus, the NFPA and insur- 
ance company statistical departments. 


These reports list fires by types of build- 
ings, occupancies, manufacturing processes and 
causes in the order of frequency of occurrence 





118 


ELECTRICAL FIRE REPORT 


The following report form is prepared for use by fire chiefs when 
reporting electrical fires, as well as deaths or injuries that may be attributed 
to electricity. The International Association of Electrical Inspectors desires this 
information in order to secure an accurate record of fire causes that may 
be due to unauthorized installation, but lock of proper inspection, sub 
standard wiring and equipment as well os causes attributed to careless 
ness. Where the story of the fire is intended to be more complete, use the 
the blank side of this report. 

Report sent by 
Title and Name 
Address 
Date of fire 
1. Was fire confined to source? 
Type of building 
Loss on equipment 


Loss on contents 
If fire was due to failure to disconnect electrical appliance, state the type 


Where did fire originate? 


Yeon 


6. If faulty flexible cords contributed to the cause of fire, state the type 
of appliance used 

7. Was fire due to illegally extended lighting circuits? 

Give all facts as to motor fires such as name, type, horsepower, volts, 

mechanical load as well as automatic protection, if any 


9. What is the proper classification of this fire? 

10. What in your opinion caused the fire? 

11. State the kind of business activity or process conducted in the porti- 
culor part of the building where the fire originated 

12. Are the premises inadequately wired? 

13. Were all the fuses in good order and of the proper size?. 

14. Were any lives involved or injuries received os directly attributed to 
electricity? If so, give all the details. Use reverse side. 

15. How can members of our organization assist your department with 
your electrical problems. State on reverse side 


Signed : 


Figure | 


and amount of loss. The importance of the 
knowledge to be gained by a study of these re- 
ports to an investigator cannot be over-empha- 
sized. 


Classifying the Causes of Electrical Fires 


Many inspectors state the cause of an elec- 
trical fire as a motor, defective wiring, a short 
circuit, etc. In some cases with these wordings, 
together with the name of the electrical equip- 
ment involved and the location, a fair idea of 
the manner in which the fire occurred might be 
obtained. In the majority of cases such word- 
ings do not give useful information nor fully 
describe the conditions. 


One of the principal objects of the Standard 
Electrical Fire Report Form (See Figure 1) is 
to make the reports of investigators in various 
sections of the country uniform so that the num- 
ber of electrical fires of each type may be com- 
pared. It is obvious that wording of the vari- 
ous causes must therefore be standardized be- 
cause very few persons would report the same 
type fire alike. 


The ignition of combustible materials by or 
through the use of electric current results from 
excessive heat due to one of the following ac- 
tions or conditions: 
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(a) Defective installation 

(b) Worn out 1n service 

(c) Improper use of approved equipment 
(d) Accidental occurrence 

(e) Unknown or not reported 


All electrical fires could be broadly classifie 
under the above headings. For explanations « 
these headings, see footnotes to Table 1. 


When an investigator has determined that 
fire was of electrical origin a report should b 
made on the standard Electrical Fire Repo’ 
Form (see Figure 1). The forms may be of 
tained from the Secretary of the Internation: 
Association of Electrical Inspectors, 612 Nort 
Michigan Avenue, Chicago, Illinois. 


Notes on Use of 
Electrical Fire Report Form 


For the most part, the individual items on th 
form are self-explanatory. The following not 
are designed to give added information on th 
proper use of the form. 


Item 2. Give brief description of buildin 
construction, i.e. fire resistive, noncombu: 
tible, wood frame, brick wood-joist, etc. 


Items 3 & 4. A rough calculation of dolls 
loss is desirable to classify seriousness 
resulting fire. 


Item 5. If a considerable percentage of ele 
trical fires are caused by failure to discor 
nect, the industry wants to know this fa 
for safety education. 


Item 6. Completion of this item will dete: 
mine what appliances are most likely t 
have faults in flexible cords. which, i 
turn, can lead to improving design an 
quality of the equipment. 


Item 7. Training and educational program 
can be based on answers to this question. 


Item 8. Increasing losses from motor wind 
ing burnouts make it important to get a 
complete answers to this question as pos 
sible. 


Item 9. This refers to the five classification 
given in Table No. 1. Inspector shoul: 
indicate by (a), (b), (c), (d) or (e) o 
by writing out cause as follows: 

(a) Defective installation 

(b) Worn out in service 

(c) Improper use of approved equip 
ment 

(d) Accidental occurrence 

(e) Unknown or not reported. 
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Foam Rubber and Cotton Mattresses 


By Louis Segal, Chemist 
Office of the State Fire Marshal, State of California 


Two more or less distinct aspects of 
flammability are involved in evaluating 
the fire hazard characteristics of mattress 
materials. One relates to fire fighting 
problems which the burning material pre- 
sents. The other is concerned with the 
potential life hazard to the user. 


From the fireman’s point of view, the 
following burning qualities of cotton and 
foam rubber are of interest. A foam rub- 
ber mattress burns faster and hotter than 
does one of cotton, and, therefore, is 
somewhat more difficult to extinguish, 
with more water being required, Burn- 
ing rubber emits dense, sooty, black smoke 
in large quantities. It has a very ob- 
noxious odor. Burning rubber melts and 
drips and is extremely sticky. Foam rub- 
ber, on the other hand, does not smolder 
and, therefore, is not subject to re-kin- 
dling as is the case with cotton. These 
qualities indicate that foam rubber may 
be considered somewhat more hazardous 
than cotton insofar as suppression and ex- 
tinguishment of mattress fires may be 
concerned. However, the Office of the 
California State Fire Marshal feels this is 
a relatively minor consideration as com- 
pared to the second aspect of flammability, 
the potential life hazard. 


The potential life hazard of a mat- 
tress can appropriately be measured only 
in relationship to the hazard from a burn- 
ing cigarette, which is, without doubt, 
the source of ignition in practically all 
mattress fires. Therefore, the question 


should be: “What is the likelihood of a 
burning cigarette starting a fire in this 
type mattress?” rather than, ‘“‘How flam- 
mable is this mattress?” 


Some years ago, this Office conducted 
tests which proved to our satisfaction 
that foam rubber itself could not be 
ignited by a burning cigarette.* This is 
because (1) the heat from a burning 
cigarette is not sufficient to ignite foam 
rubber, and (2) foam rubber will not 
support flameless combustion. The latter 
fact is of great significance since, with 
practically all fires started by cigarettes, 
flaming must be preceded by glowing. It 
follows, therefore, that flaming combus- 
tion of foam rubber mattresses will occur 
only as the result of flaming of the bed- 
ding above the mattress. On the basis 
of these facts, the question may be fur- 
ther modified to read, “Will cigarettes 
start fires in bedding, and if so, under 
what conditions?” It was with these 
considerations in mind that our tests were 
conducted. 


Hazard of Smoking in Bed 


When a person drops a burning ciga- 
rette in bed, whether or not a fire occurs 
will depend on many variable factors, 
including the following: 

(1) The Cigarette — its length de- 


termines how long it will burn. 


*See October 1952 Quarterly, page 134, for 
article on ‘Foam Rubber in Consumer 
Products.” 
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(2) The Mattress—type of cotton; 
solid or innerspring; type of rubber; 
type of ticking. 

(3) The Bedding—type and num- 
ber of sheets and blankets. 

(a) Dryness of Bedding—this 
is influenced by the temperature and 
humidity at the time of and preceding 
the incident. 

(b) Arrangement of Bedding 
—number of folds, degree of bunching. 


(4) Draft — number of open win- 
dows and doors, and location with rela- 
tion to bed; amount of wind. 


Test Materials 


Obviously, the variety of conditions 
which can exist is infinite. In order to 
eliminate some of the variables for com- 
parative tests, two of the above factors 
were fixed at the level of maximum haz- 
ard. First, a king size premium brand 
cigarette without tip was selected which 
was used immediately after lighting, 
thereby giving the greatest possible dura- 
tion of burning time. Second, the bed- 
ding was oven-dried before each experi- 
ment. These conditions must be con- 
sidered very favorable to combustion and 
considerably more severe than those which 
would normally exist. 


The foam rubber used in the tests was 
made from pure natural latex and may 
be considered representative of the great 
majority of such material being used for 
mattresses today. Some foam contains 
a small percentage of synthetic GR-S, 
which makes little if any difference in 
the product’s burning qualities. Also, 
there are foam rubbers made from chlori- 
nated synthetic latex (such as Neoprene) 
which do not support combustion. These 
are somewhat more expensive than the 
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natural foam, and until recently hi 
been in short supply, with most prod: 
tion being taken by the armed forc 
However, increased production has n 
made ample quantities of these synth« 
latex type foam rubber mattresses av: 
able for general use. 


The cotton mattress used was of | 
solid, institution type, covered with sta 
ard 8-ounce ticking. Sheets were typi 
cotton muslin weighing about 4 oun 
per square yard and blanketing was w 
weighing about 14 ounces per squ 
yard. 


Test Methods 


Approximately 100 tests were f 
formed in which lighted cigarettes w 
laid on many different combinations « 
arrangements of sheets, blankets, 4 
mattress samples. For most tests, nort 
air circulation with only slight draft j 
vailed, while in some cases a 2-3 m 
per-hour wind from a fan was direc 
over the materials. Some of the arran 
ments were as follows: 


(1) Mattress (with ticking) onl 

(2) Mattress plus from one to tw 
ty layers of sheet, some plus blanket, 
flat. 

(3) Mattress plus various quanti 
of sheet and blanket loosely bunched 
piled into assorted shapes. 

(4) A few tests as in (2) and ( 
above, with the addition of one layer 
twelve-gauge flame-resistant vinyl pla 
film over the ticking. 


"Cigs'' Ignite Cotton Mattresse: 


The first tests confirmed earlier fi 
ings, namely, that a burning cigar 
merely melts foam rubber and will 
initiate glowing or flaming. On 
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FOAM RUBBER AND COTTON MATTRESSES 


other hand, a moment’s exposure of a 
cotton mattress to a burning cigarette 
will start it glowing. Once thus started, 
the flameless combustion progresses rapid- 
ly. For example, a cigarette was placed 
on a piece of cotton mattress for 5 min- 
utes, then removed. By this time, the 
cotton was smoldering vigorously. At 10 
minutes, the glowing area was 2 inches 
in diameter and 1/, inch deep; at 20 min- 
utes, 5 inches in diameter and 134, inches 
deep; at 30 minutes, 8 inches in diameter 
and 21/, inches deep. The temperature 
of this area ranged from 750°F. at the 
top center to over 900°F. at the bottom 
and sides where there was active glow- 
ing. Actual flaming might have occurred 
spontaneously at any time, and was readily 
initiated at will by blowing over the 
area for a few seconds. No additional 
tests were conducted over cotton mat- 
tresses, it being evident that this same re- 
sult would occur whenever any glowing 
reached the ticking. 


The remaining tests were directed to- 
wards learning what combinations and 
arrangements of bedding above the mat- 
tress might be susceptible to progressive 
glowing combustion and subsequent flam- 
ing. The important factor in this respect 
is whether or not the glowing initiated 
by a cigarette will spread appreciably be- 
yond the point of ignition and will be- 
come self-sustaining. Actually, the mech- 
anism of this phenomenon resembles 
very closely that of spontaneous heating, 
and it is most fortunate that conditions 
within which the action will take place 
are quite limited. 


Summary of Test Findings 


Following is a general summary of the 
results of 100 tests under various con- 
ditions: 
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(1) In only four instances did pro- 
gressive, self-sustained glowing occur in 
the bedding materials above the mattress. 


(a) Twenty layers of cotton 
sheet, 2-3 mile-per-hour wind, vigorous 
sustained glowing—burst into flame at 18 
minutes. 

(b) Cotton chenille bedspread, 
loosely bunched, normal air circulation 
— no flaming after one hour, extin- 
guished. 

(c) Cigarette between two flat 
sheets, 2-3 mile-per-hour wind, glowing 
initiated in ticking which continued after 
the fan was turned off — no flaming 
after one hour, extinguished. 

(d) Four 12 inch square pieces 
of cotton sheet loosely bunched into a 
mass approximately 6 inches in diameter 
and 4 inches high — at 15 minutes the 
entire interior of the mass was glowing 
vigorously, and flaming occurred spon- 
taneously at 22 minutes. This was the 
only instance where flaming occurred 
without artificial draft. 


(2) In the great majority of the 
other tests, glowing progressed down- 
ward through the ticking, with little or 
no subsequent spread in either the bed- 
ding or ticking. Over foam rubber, the 
only effect was the melting of a small 
area 


(3) In the few tests with a layer of 
plastic film over the ticking, it was evi- 
dent that under borderline conditions the 
plastic would absorb enough heat to pre- 
vent transmission of glow to the ticking. 
In many cases, however, the film was 
burned through and exerted little, if any, 
effect. 


(4) The wool blanket showed little 
if any tendency to glow, but did not in 
most cases prevent cigarettes from burn- 
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ing through and initiating glowing in 
the bedding beneath. 

(5) The intensity and rate of spread 
of glow was greatly increased by blow- 
ing on or fanning the involved area, due 
to the added supply of oxygen. Appreci- 
able draft also was the most important 
factor in determining whether or not 
flaming occurred. 


Conclusion 


On the basis of these and previous re- 
lated tests by this Office, the following 
conclusions are justified: 


(1) Certain narrowly limited condi- 
tions must exist in order for a burning 
cigarette to initiate flaming combustion 
in the bedding on top of a mattress and 
the chance occurrence of such conditions 
would be very rare. 

(2) A glowing cigarette or glowing 
combustion in bedding usually will reach 
the mattress. If it is foam rubber, the 
only result will be melting of the rub- 
ber. If it is cotton, the glowing will be 
transmitted to it and will spread, and in 
most cases the mattress eventually will 
burst into flames. 

(3)  Self-sustained glowing (with 
eventual flaming) is much more likely to 
occur with many layers of cotton sheet 
and blanket than with one or two; with 
loosely bunched masses of bedding than 
with the same material in flat layers; 
with cotton blankets than with wool; and 
with considerable draft than with still 
air. 


(4) The use of a non-flammable plas- 
tic sheet over a mattress for purposes of 
sanitation may under certain conditions 
serve as a barrier to the spread of glow. 
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An additional factor not directly r 
lated to flammability should be coi 
sidered in evaluating the potential li 
hazard of the cotton mattress. Smolde 
ing or glowing is incomplete or impe 
fect combustion which produces a gre 
deal of smoke containing a high pe 
centage of poisonous carbon monoxid 
plus other products of combustion, it 
cluding carbon dioxide. This is an esp 
cially dangerous combination. Carbo 
dioxide acts to stimulate the rate ¢ 
breathing, thereby increasing the amout 
of carbon monoxide taken into the lung 
The normal sleeping person exposed | 
such conditions frequently will succum 
to the initial intoxicating or asphyxiatin 
effect of the carbon monoxide, and wi 
not awaken. 


The person sleeping under the it 
fluence of alcohol or drugs is even mot 
vulnerable. Under such conditions, th 
victim is first rendered unconscious k 
breathing the poisonous combustion gase: 
and death can then result from suffoc: 
tion or carbon monoxide poisoning, ¢ 
the effects of heat. It seems reasonabl 
to assume that this hazard would | 
sharply reduced in the case of the foat 
rubber mattress, where glowing combu: 
tion can take place only in the beddin 
and not in the mattress itself. 


In summary, it is the opinion of thi 
Office that while foam rubber mattresse 
are somewhat more flammable than cot 
ton once ignited, they are much les 
likely to become ignited by the action o 
a burning cigarette. Therefore, the over 
all potential fire hazard of foam rubbe 
mattresses certainly is not higher thai 
that of cotton, and probably is consider 
ably lower. 
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Fire Hazards of Building Boards” 





By D. Hird and C. F. Fischl 


British Joint Fire Research Organization, Department of Scientific and Industrial 
Research and Fire Offices’ Committee 


When used in certain ways some kinds 
of building boards can contribute to 
the rapid spread of fire in buildings. 
In view of the importance of these 
materials to the building industry, it 
is essential to know where they may be 
used with safety. This report describes 
the results of experiments to show how 
common types of board might be expected 
to behave in actual fires. 


In recent years there has been a 
growing tendency to avoid the use of 
plaster on walls and ceilings and to 
use instead, as internal linings, ready 
made sheets of materials which are in- 
cluded under the general term, “build- 
ing boards.” Although boards of the 
laminated fibre wallboard type were 
produced as far back as 1898, it was 
during and after the last war that the 
big increase occurred. Among their ad- 
vantages are the possibility of production 
in large standardized sheets and ease 
of handling which facilitates speedy 
erection and repair. Certain types pro- 
vide good thermal insulation and sound 
absorption. 

Some building boards present an out- 
standing fire hazard since they permit 
extremely rapid growth of fire, particular- 
ly in the early stages. It is, therefore, 
necessary to have practical means of de- 





*Reprinted by permission of the Comp- 
troller of Her Brittanic Majesty’s Stationery 
Office from National Building Studies, 
Special Report No. 22. Full report available 
in the United States from British Infor- 
mation Services, 30 Rockefeller Plaza, New 
York 20, N. Y. for 40 cents. 
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termining the fire hazard of different 
kinds of board accurately and of as- 
sessing the value of flame-retardant treat- 
ments so as to determine where they may 
be used with safety. 


Ignition by Small Heat Sources 


The most hazardous building boards 
are those which can be ignited by a 
small source of heat, and will give 
rise to a continuing fire. To investigate 
this hazard samples of board each 1 ft. 
by 114 ft. were mounted vertically and 
a non-luminous bunsen flame played 
on the lower part of the sample. With 
untreated fibre insulating board and 
hardboard a self-propagating fire was 
easily started on all samples. It was 
found, however, that even a single coat 
of an oil-bound water paint or whitewash 
was sufficient to limit the flame spread to 
the area of flame contact (Figure No. 1). 


Growth of Fire in Rooms 


In the past many experiments have 
been carried out to observe the develop- 
ment of fire in average-sized living- 
rooms furnished in a standard manner. 
In 1949 an experiment was carried out 
to compare the development of fire in 
two houses, both of which were lined 
with fibre insulating board, but one 
having an additional layer of plaster- 
board fixed to it.t The surfaces of the 


walls of both houses were covered with 





+See January 1952 NFPA Quarterly, pages 
218-224. 








untreated fibre insulating 


Spread on 
board. 


FIGURE NO. |. 


two coats of oil-bound water paint. The 
essential characteristic of the fire was that 
it started in the contents of the room, and 
the furniture was arranged in such a 
way that there was the high probability 
that, once started, a fire would develop 
to involve all the furniture. The aim of 
the experiment was to compare the 
contribution made by the wall linings 
to the rate of development of a fire. 


Since 1949 a large number of experi- 
ments have been made with replicas of 
the living-room in the full-scale house 
on one-tenth, one-fifth and half scale. 
The room was furnished as shown in 
Fig. 2. Following the indications of 
preliminary tests, the dimensions of the 
room and its components were scaled 
linearly, except that the thickness of 
the timber was, whenever possible, 
constant for all scales. Thus the floor 
was of seven-eighth inch deal, the wall 
linings were of full thickness, and the 
wood used for the table was one inch. 
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Spread on fibre insulating board coa! 
with oil-bound water paint. 


SPREAD OF FIRE FROM SMALL SOURCE. 


Table 1 gives the range of ti 
taken for the whole room to bec 
involved for both full scale and mox 
for the three types of structure 
which full-scale results are availa 
Fig. 3 gives comparative temperal 
records for four of these tests. 

It was considered from this evide 
that the growth of fire could be sim 
ted sufficiently accurately by the use 
small-scale models to justify the use 
this method in a comparative study 
the fire behavior of building boards. 


Effect of Linings on Fire Sprea 

The manner in which developmen 
fire is influenced by the lining of 
room is of considerable interest. 
all the experiments the fire was sta 
between the cupboard and the chai 
indicated in Fig. 2. The mutual sup 
given by the flames from these two p1 
of furniture was sufficient to ensure 
development of a substantial fire, 
respective of the surroundings. 
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Thermocouples 8 
'&2 


Window 





PLAN OF ROOM WITH FURNITURE 


| ies | 





Thermocouples 


FRONT ELEVATION OF ROOM 


Diagram of Scale Room Used in Tests. 


Figure No. 2. 


In the room with the noncombustible 
walls and ceilings the flames spread on 
the floor, assisted by radiation from the 
burning cupboard, until the table was 
involved. When the fire was well estab- 
lished in the table it spread quickly over 


the rest of the room, giving the condition 
known as “‘flash-over,” illustrated in Fig- 
ure 4 (last sequence), page 128. 

In the rooms lined with building 
boards on wall and ceiling, once the 
flames from the cupboard reached the 
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Table | 


Time Taken for Fire to Involve Whole Room—Both Full Scale and Mode 


Type of structure 


Time taken for fire 
to involve the whole roc 





Noncombustible walls and ceiling 
Fibre insulating board walls and ceiling 
with two coats of oil-bound water paint 


Plasterboard walls and ceiling 





*Under exactly similar conditions the 
plasterboard room could not take longer 
than the room with the non-combustible 
walls and ceiling, since the paper facing 
of the plasterboard would make some 


ceiling, the fire developed in an entirely 
different manner. With untreated fibre 
insulating board or compressed straw 
slabs, the ceiling was ignited almost im- 
mediately and the flames spread rapidly 
across the ceiling and down the walls, 
igniting the furniture before the flames 
had begun to spread along the floor 
from the cupboard. Figure 5, page 129, 
illustrates this in a one-fifth scale room. 

In the rooms lined with treated fibre 
insulating board there were slight dif- 
ferences depending upon the treatments 
used. With silicate paint, the covering 
cracked very quickly and the protection 
offered under these circumstances was 
small. With surface and impregnation 
treatments on fibre insulating board 
(achieving higher ratings in the surface 
spread of flame test of British Standard 
No. 476*), the development of the fire 
was retarded until the fire in the cup- 
board was well established. 


Once this occurred flammable gases 
were given off from the protected lining 


*Available from British Standards Institu- 
tion, 24 Victoria St., London, $.W.1, 4 shill- 
ings per copy. 


Full scale Moc 
minutes mint 
14-20 15- 

5 5 
23* 14- 


contribution. The probable reason for 
longer time taken by the full-scale plas 
board structure was that the ventilation ° 
more restricted than with the non-c 
bustible structure. 


in sufficient quantities to accelerate | 
spread of fire in the room. The mech 
ism from this point was similar to t] 
in the rooms lined with the untrea 
board. This can be seen in Figure 6, pz 
130, which shows the development of 1 
in a room lined with fibre insulati 
board with a flame-retardant surface tre 
ment applied. 


The only exception to this method 
development with treated fibre insul 
ing board, was in the tests in which | 
board was protected by a three-sixtee 
inch skim plaster coat. In these te 
the development was similar to that 
the room with the noncombustible we 
and ceiling. The plaster formed 
impermeable covering and although so 
cracks appeared in it, flammable ga 
were not given off through these cra 
in sufficient quantities to affect | 
development of the fire. The adhesi 
of the plaster appeared to be good, sit 
none fell until some time after “‘fla 
over” in the room. 


With the impregnated and surf 
treated hardboards and with last 
board linings the mechanism of devel: 
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Figure No. 3. 
rooms. 


Comparative typical temperature records of full-scale and model 
Line | shows temperatures in a test in a full-scale room lined with fibre 


insulating board with two coats of oil-bound water paint. Line 2 shows similar data in a 
test in a model room lined with fibre insulating board with two coats of oil-bound 
water paint. Line 3 represents a test in a full-scale room lined with plasterboard and 


Line 4 a model room with plasterboard. 


ment was again more like that in the non- 
combustible room, although there was 
some contribution from the boards in all 
three cases, there being most from the 
hardboard with a surface treatment. 


The time taken for the whole room to 
become involved in fire when lined with 
various types of boards is given in Table 
2, page 130. These results are the averages 
of at least three tests in each case, the 
maximum deviation from the mean being 
about 10 per cent. A selection of tempera- 
ture records is shown in Figure 7, page 
131, 


Some tests were also carried out in 
which the building boards formed only 
the ceiling, or only the walls of the 
room. As would be expected, the fire 
took longer to develop than in the pre- 
vious series of tests, but the relative 


merits of different boards and treatments 
were similar. The results are summarized 
in Table 3, page 131. 


Spread of Fire in Corridors 


Requirements for linings to corridors 
are generally much more stringent than 
for other situations, as it is important 
that escape routes should present as 
low a fire hazard as possible. Since 
there is seldom any combustible material 
other than the floor in a corridor, there 
would be little risk of a fire originating 
there, and the main hazard would be in 
the spread of fire along a corridor from 
a burning room. 


The spread of fire in a corridor would 
depend largely on the local conditions, 
for instance, the length of the corridor 


(Continued on page 129) 
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After 10 minutes. 


After 16 minutes. After 18 minutes. 


After 19 minutes. 


FIGURE NO. 4. DEVELOPMENT OF FIRE IN ONE-FIFTH SCALE MODEL ROO 
WITH NONCOMBUSTIBLE WALLS AND CEILING. 
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After 2 minutes. 





After 5 minutes. 


FIGURE NO. 5. 


ha SS 


and whether it opens into an unenclosed 
stairwell, which would tend to increase 
the air flow and draw flames and hot 
gases down the corridor. However, those 
boards which behave similarly to a non- 
combustible lining in a furnished room 
should not appreciably accelerate the 
spread of fire in a corridor under any 
conditions. 
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Other Considerations 


+ No mention has been made of the 
> unexposed surface of boards used as wall 
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After 4!1%2 minutes. 





After 512 minutes. 


DEVELOPMENT OF FIRE IN ONE-FIFTH SCALE MODEL ROOM 
LINED WITH UNTREATED FIBRE INSULATING BOARD. 


and ceiling linings. With a hollow con- 
struction, there is a danger that a fire 
Starting in, or penetrating to, the cavity 
will spread rapidly on the inner surface. 
This danger would be particularly marked 
with those boards which can be ignited 
easily by a small source and from which 
a continuing fire will grow. Even if both 
sides of a combustible board are given 
protective coatings, an untreated surface 
may be exposed if the board is fractured. 
Although the area exposed will be rela- 

(Continued on page 131) 
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After 5 minutes. ich After 6 minutes. 





After 634 minutes. ens After 7% minutes. 


FIGURE NO. 6. DEVELOPMENT OF FIRE IN ONE-FIFTH SCALE MODEL ROO 
LINED WITH FIBRE INSULATING BOARD WITH FLAME-RETARDANT SURFAC 
TREATMENT. 


Table No. 2 


Particulars and Results of Boards Tested in Fully-Lined Rooms 





Mean time for all roon 





Particulars of Wall and Ceiling Linings become involved in f 
Minutes Secon 

Noncombustible 17 10 
Fibre insulating board with 3/16-in. skim plaster coat 17 45 
Wood-fibred cement slab 16 45 
Plasterboard 16 35 
Hardboard impregnated with monammonium phosphate. 

(Retention of salt stated to be 17 to 18 percent by weight) 15 45 
Hardboard with surface treatment of intumescent flame- 

retardant paint (30 grams per sq. ft.) 13 30 
Fibre insulating board with surface treatment of intumescent 

flame-retardant paint (30 grams per sq. ft.) 10 35 
Asbestos paper faced fibre insulating board 10 30 
Fibre insulating board with surface treatment of intumescent 

flame-retardant paint (15 grams per sq. ft.) 9 25 
Fibre insulating board impregnated with monammonium 

phosphate. (Retention of salt—9 percent by weight) 9 00 
Fibre insulating board with surface treatment of silicate paint 7 45 
Fibre insulating board with two coats of oil-bound water 

paint 6 00 
Untreated hardboard 6 15 
Compressed straw slabs 5 45 
Untreated fibre insulating board 5 00 
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Figure No. 7. Selection of temperature records of model rooms. Line | represents 


tests with untreated fibre insulating board. 


Line 2 shows results of tests with fibre 


insulating board with surface treatment of an intumescent flame-retardant paint (15 
grams per square foot). Line 3 shows results with a plasterboard and Line 4 with a 


noncombustible lining. 


It is evident that the fire hazard of 
building boards depends, apart from the 
nature of the boards themselves, on the 
conditions under which they are used 
and, in particular, on the nature and 
amount of other combustible material 
with which they are associated. 


Table No. 3 


Particulars and Results of Boards Tested in Partially Lined Rooms 














Seconds tively small, it may constitute a hazard if 
aa a the untreated board can be easily ignited, 
a particularly if the board is one which will 
4“ continue smouldering with the production 
s of smoke after flaming has ceased. It is 
therefore important to see that damaged 
45 surfaces are immediately repaired. 
30 
35 
30 | 
25 4 
00 : 
45 © Surface treatment of intumescent flame- 
& retardant paint (30 grams per sq. ft.) 
00 8 Surface treatment of silicate paint 
15 & Surface treatment of oil-bound water paint 
45 % Untreated 
00 
cdl 









*The times given in columns two and three of Table 3 are the average times of three tests, 
the maximum deviation from the mean being about 15 per cent. 


Time for all room to become involved* 


Boards used as walls; Boards used as ceiling; 
Treatment of fibre insulating board ceiling noncombustible walls noncombustible 


Minutes Seconds Minutes Seconds 


13 45 12 00 
13 00 12 00 
1 00 10 15 
8 20 9 00 
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Los Angeles County Fire Department 
Oh for the life of a fireman! Captain 'Sparky'' McCrary illustrates the rigors 


attendant to all-out fire prevention promotion for dear old Los Angeles County! The 
model's name: Miss Anne Francis. 





rigors 


y! The 


Sparky Lives In Los Angeles County 


By Robert W. Schuette 
Manager, NFPA Public Relations Department 


“Sparky should be live, whenever it 
can be arranged, a real live Sparky dressed 
in a fireman’s hat . . . let him speak for 
you and work for you constantly.”’ 

This was the advice one of the coun- 
try’s top advertising experts had for the 
NFPA Annual Meeting last spring (see 
“Modern Promotion for Fire Prevention”’ 
published in the July 1954 QUARTERLY). 

Across the country, the Los Angeles 
County Fire Department heard these 
words and could pat itself on the back. 
It seems that Sparky—'‘real and live’”— 
has been a working member of Chief 
K. E. Klinger’s Department in Los 
Angeles County for the past two years. 


Los Angeles County Fire Department c 
Sparky is “real and live’ in Los Angeles County—a big strapping two-year-old. 


With the help of fellow members of Engine Company 38, Los Angeles 


One of the earliest, if not the first 
Sparky to come to life, Sparky of Los 
Angeles County was born in 1952 during 
an intradepartmental fire prevention con- 
test among the County’s 86 fire stations. 
Brainchild of Captain A. F. McCrary (his 
wife made the mask and costume), 
Sparky has been the central theme of the 
County’s fire prevention program since! 


Ever since, too, Captain “Sparky” 
McCrary has been a very busy man. In 
addition to Fire Prevention Week and 
Spring Clean-Up, Sparky “‘in the flesh”’ is 
the feature of countless other fire pre- 
vention activities sponsored by the De- 
partment. He’s on radio and TV the 


County Fire 


Department, Sparky (Capt. A. F. McCrary) interviews (L to R) Chief Engineer Keith E. 
Klinger, County Supervisor Burton U. Chace, the late Chief Engineer Cecil R. Gehr, 
and Frank W. Troost of the Angeles Mesa Chamber of Commerce. 
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Sparky and pal, Smokey Bear, put on a show for 60,000 Scouts at the National Boy 
Scout Jamboree last year. This promotion received national press notice. 


Sparky being interviewed by Ken Graue, 


KTLA announcer of the popular 
Angeles program, "City at Night." 


Los 


EY US i tee 


Sparky is an idea, but it takes people to 
make that idea work. Capt. McCrary and 
Chief Klinger make Sparky click in Los 
Angeles County. 
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Los Angeles County Fire Department 


It should happen to a dog 


if he's Sparky. 


Not every fire department has a 


Hollywood in its backyard, but pretty girls are everywhere, and they are guaranteed 
attention-getters as in this Los Angeles County Fire Department publicity photo. 


year-around and also stars at the Los 
Angeles County Fair and in half-time and 
eo activities when U. S. C. plays 
ootball in the Los Angeles Coliseum. 
Sparky has been a hit from the start 
in school programs according to Chief 
Klinger. One of his biggest successes 
with kids took place last year when the 
National Boy Scout Jamboree was held in 
southern California. During the week- 
long jamboree, Captain McCrary as 
Sparky and Captain Robert Ballentine, 
dressed as Smokey Bear, appeared and 
performed together before nearly all the 
60,000 scouts attending. 


ye public service partner, Smokey 
of forest fire prevention fame, has been 
integrated into the County’s over-all pro- 
gram. An effective and necessary patt- 
nership, reports Chief Klinger, in that 


the Los Angeles County Fire Department 
also protects a great area of valuable 
watershed and forest lands. 

On top of the Department’s person- 
alized efforts, over half a million Sparky 
leaflets have been produced and distrib- 
uted to County residents in the past two 
years. Fire station personnel hand them 
out mostly during the Fire Prevention 
Week and Spring Clean-Up campaigns, 
but they’re also used in connection with 
the Home Inspection Program. The De- 
partment doesn’t miss a chance, either, to 
use Sparky posters, display cards and 
photos wherever possible. 

Has the Sparky idea paid off in Los 
Angeles County? Says Chief Klinger: 
“It has helped a great deal to make our 
program what we consider an outstanding 
success. 




































Weather and Forest Fire Behavior* 





By Owen P. Cramer, Meteorologist 


Pacific Northwest Forest and Range Experiment Station 
Forest Service, U. S. Department of Agriculture 


Violent or erratic fire behavior during 
forest fires often develops as a complete 
surprise even to the more experienced 
fire fighters. Such behavior usually is not 
completely explained and is frequently 
dismissed with the remark that the fire 
suddenly “blew up.” Unusual fire be- 
havior is often closely related to certain 
weather conditions that can be recognized 
by visible characteristics, These weather 
conditions, some of their characteristics, 
and their relation to fire behavior are de- 
scribed in this article. 


The descriptions and terminology used 
agree with definitions in the U. S. 
Weather Bureau Weather Glossary** of 
1946, with two exceptions. These are 
fire storm, which has been used in pub- 
lished accounts of fires started from ex- 
tensive incendiary bombings, and fire 
whirlwind, which is possibly used herein 
for the first time. Weather conditions 
described are divided into two major 
groups; the phenomena of stable air of 
which only inversion is discussed, and 
the phenomena of unstable air including 
turbulence, gustiness, convection, thun- 
dersqualls, whirlwinds and related chat- 
acteristics. 


*Article reproduced by special permission 
from ‘Fire Control Notes,” Volume 15, No. 
2, April 1954, issued by the Forest Service, 
United States Department of Agriculture, 
where it appeared under the title ‘Recognizing 
Weather Conditions that Affect Forest Fire 
Behavior.” It is reprinted to afford possible 
wider readership and because it is a unique 
contribution to a poorly understood subject. 


**This Glossary is not presently available but 
should be available within six months. 
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Stable Air 


Stable air is air in which vertical m 
tions are suppressed primarily because ¢ 
the vertical distribution of temperatur 
In stable air, underlying air is relative 
cooler and heavier; overlying air is rel: 
tively warmer and lighter. If the tempe: 
ature decreases no more than 5° F pe 
1,000 feet increase in elevation in dr 
air, the air is stable. In extremely stabl 
air, temperature may actually increas 
with height. 


There are several indicators of stabl 
air. Surface wind is steady or frequentl 
calm. Smoke tends to lie in layers 
Clouds are the stratus or stratified typ 
showing no vertical motion (Figure 1) 
Visibility is often poor, particularly is 
the lower layers. Ground and valley fog 
form in stable layers near the ground 
Air in the lower layers is usually stabl 
during calm, clear nights, but become 
unstable in midday when heated by th 
warm ground. 


When a forest fire occurs and the ai 
is stable, convective air circulation inte 
the base of the fire and in the column 
of rising hot gases above a fire is weak. 
Both the intensity of the fire and the 
amount of spottingt is reduced. In 
stable air, smoke will not rise as high 






+"Spotting,” in forest fire terminology, means 
the spread of a fire by ignition from fire-brands 
beyond the existing range of ignition by 
direct radiation. Spot fires are identified a 
fires, started in this way, which are far 
enough away from the main fire to burn for 
a considerable time as independent fires. 
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FIGURE 2.—Inversion. 


as in unstable air and much drift smoke 
will remain in the lower layers. 


Inversion Layers 

A common phenomenon in stable air 
is an énversion layer. This is a horizontal 
layer of air through which temperature 
increases with increasing height. An in- 
version is the most stable air condition. 

Inversion layers occur at any height and 
vary greatly in the thickness. As the 
ground cools at night, a surface layer of 
air becomes colder than the air above and 
produces a surface inversion. 

Surface inversions are most pronounced 
in valley bottoms to which cold air flows 
from surrounding slopes. This type of 
inversion is readily dissipated by ground 
heating during the day. 


Since an inversion tends to suppress 
any vertical motion, its base is frequently 
marked by: (1) the flat top of a cloud 
or fog layer, (2) the common height at 
which rising cumulus clouds cease to rise, 
and (3) the height at which a rising 
smoke column levels off (Figure 2). 
There is often greater wind, or a shift 
in wind direction, above the inversion as 
indicated in the Figure. 


An inversion near the ground affects 
a fire in the same way as stable air but 
to a greater degree. In the lower layers 
it tends to weaken drafts into and above 
a fire, thereby reducing the fire’s intensity 
and spotting potential. It has been sug- 
gested that flammable mixtures of gases 


liberated by a slow-burning fite might 
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FiGurRE 3.—Unstable air. 


accumulate under a surface inversion, and 
that these might ignite and burn explo- 
sively but no evidence of this has been 
observed in actual fires. 


Unstable Air 


Unstable air is air that tends to turn 
over owing to relatively warm, light air 
in the lower layers and relatively cooler, 
heavy air in the upper layers. The de- 
crease in temperature with increasing 
height is greater than in stable air, 5.4° F 
or more per 1,000 feet in dry air. Ver- 
tical motions are accelerated. Upward 
and downward currents develop. Indi- 
cators are erratic surface winds with gusts 
and lulls, and a variation in direction 
and turbulence above the surface layers. 
Since smoke, dust, and haze are widely 
dispersed by mixing of high and low 
layers, visibility is generally good. Clouds 
in unstable air are the cumulus type with 
pronounced vertical development and re- 
stricted horizontal area (Figure 3). A 
deep layer of moist, unstable air may be 
marked by cumulonimbus clouds or 
thunderstorms. Instability at the cloud 
level does not necessarily mean that this 
condition exists all the way to the ground. 
If it does exist, it may be indicated by 
dust whirls and erratic winds, 


Unstable air affects fires in severs 
ways. Spread of fires may be accelerate 
by gusty wind. The column of smok 
over the fire will rise faster and to greate 
heights than in stable air, resulting in 
stronger indraft at the base of the fir 
and a hotter burning fire. Spot fires at 
more likely because of the more intens 
drafts in the fire and the greater vertic: 
speed *in the smoke column. Unstab] 
air is favorable for the formation of fir 
whirlwinds. These effects ate discusse 
in more detail under the several inst: 
bility phenomena described below. 


Turbulence 

Irregularity in air motion shown b 
bumpy air for the pilot and gusty win 
for the ground observer is called turbt 
Any obstacle to the wind sets u 
mechanical turbulence on the leeward sid 
(Figure 4). Intermingled currents ¢ 
rising warm and descending cool ai 
cause thermal turbulence, which is cha 
acteristic of unstable air. Turbulenc 
may be accentuated by an uneven surfac 
heating that varies with color of soi 
amount of shade, and type of groun 
cover. 


lence. 


Gustiness 
Gustiness is a characteristic of wind i 
unstable or turbulent air. Gustiness r 
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FIGURE 4.—Turbulence. 


fers to surface winds that vary rapidly in 
vertical and horizontal speed and direc- 
tion. Increasing instability and increas- 
ing turbulence caused by surface obstacles 
result in corresponding increases in gusti- 
ness. Since a fire greatly increases sur- 
face instability, the intensity of gusts is 
likely to be greater in the immediate vi- 
cinity of a fire. Gusts usually cause a 
fire to spread spasmodically in unpre- 
dictable directions. They also cause rapid 
fluctuation in fire intensity and rate of 


spread. 


Convection 


Motion in the air resulting from tem- 
perature differences in adjacent bodies of 
air is known as convection. Convective 
currents are characteristic of unstable air. 
They consist of rising warm air and de- 


scending cool air currents (Figure 5). 
Heating at the ground either by the sun 
or by fire may initiate the upward current. 
Surrounding air descends and flows to- 
ward the base of the column of rising 
air. The rising warm air above a con- 
tinuing heat source is known as the con- 
vective column. Above a fire this is 
seen as the smoke column. Cumulus 
clouds are convective columns that have 
become visible because of moisture con- 
densation. The greater the instability of 
the air or the greater the source of heat, 
the more intense becomes the convective 
circulation caused by a fire, including 
both indraft at the base and updraft in 
the smoke column. The more intense 
the convective circulation, the hotter and 
faster the fire will burn and the higher 
embers will be carried. 
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FIGURE 5.—Convection. 
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FIGURE 6.—Thundersquall. 


Thundersqualls 


The sudden wind that blows outward 
from beneath a thunderstorm is known 
as a thundersquall. Such a wind origi- 
nates in the area of heaviest precipitation 
in a cumulonimbus cloud, a convective 
cloud type that occurs in unstable, moist 
air. Air, cooled by precipitation, descends 
from the cloud and fans out at the sur- 
face (Figure 6). The thundersquall usu- 
ally occurs with a well developed thun- 
derstorm and hits suddenly with speeds 
averaging 30 to 50 miles per hour for a 
period of several minutes. The thunder- 
squall may occur beneath a thunderstorm 


from which no precipitation reaches thi 
ground, and may extend outward a mil 
or more ahead of the storm edge. 


These sudden, strong winds may sweey 
a fire far beyond its confines before th 
rainy section of the thunderstorm arrives 
If the rain evaporates before reaching tht 
ground, the fire may continue to burt 
unchecked. 


Whirlwinds 

A whirlwind is any revolving mass o! 
air from the dust whirl to the hurricane 
The tornado, a whirlwind associated witl 
thunderstorms, is the most severe, though 
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Ficure 8.—Fire storm. 


not the largest type. Whirlwinds usually 
occur in extremely unstable air. Fires fre- 
quently make the nearby atmosphere un- 
stable and produce fire whirlwinds. Two 
types of whirlwind will be described, the 
dust whirl and the fire whirlwind. 


A dust whirl is the smallest type of 
whirlwind and is frequently known as a 
dust devil. Dust whirls indicate unstable 
air. They occur on sunny days with light 
surface wind when the layers of air next 
to the ground become much hotter than 
the air immediately above. These whirls 


are usually 5 to 25 feet in diameter and 
may extend upward several hundred feet. 
Though usually not of destructive force, 
dust whirls can throw small debris sev- 
eral yards. The greatest speed is near 
the center where a strong upward current 
occurs. Dust whirls occasionally form 
in the vicinity of fires and move into the 
fire area throwing sparks and embers in 
all directions and temporarily intensify- 
ing the fire as they pass. 


A fire whirlwind is any whirlwind 
that is caused by a fire. The fire whirl- 
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wind may vary in intensity from a small 
dust whirl to a whirlwind that easily 
snaps off large trees. The diameter of its 
circulation may vary from 3 to 50 yards 
or more. Fire whirlwinds encompassing 
whole fires 1,000 yards or more across 
have been reported. Besides the rotating 
horizontal winds, there is a strong vertical 
current at the center which may raise 
burning debris to great heights. Even a 
small fire whirlwind may produce con- 
siderable spotting and local intensifica- 
tion of the fire. A central spout or tube 
may sometimes be present (Figure 7). 


Because of the wind and the resulting 
accelerated combustion, fire whirlwinds 
are sometimes accompanied by a roaring 
noise similar to that produced by a rapid- 
ly burning fire. Duration and behavior 
are variable. Fire whirls may occur and 
recur where the combination of fire-pro- 
duced instability, topography, and wind 
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are favorable. It is sometimes possible 
to dissipate a small, recurring fire whirl- 
wind by cooling the part of the fire over 
which it forms. 


Fire Storm 


Violent convection caused by a large, 
continuous area of intense fire is properly 
called a fire storm. This phenomenon 
was frequently observed after extensive 
fire-bomb raids in Europe and Japan. The 
convective system usually encompasses 
the entire fire (Figure 8). The surface 
draft into the base of the fire may be 
of destructive violence several hundred 
yards outside the fire. The fire storm, 
like other convective phenomena, in- 
creases in intensity with greater atmos- 
pheric instability. Burning material may 
be lifted several miles high. A fire storm 
is not likely in the usual wildfire where 
only the periphery is actively burning. 





Epitor’s Note: In the April 1934 Quar- 
TERLY (page 323), H. J. Gisborne in an ar- 
ticle “Measuring Forest Fire Danger’ dis- 
cussed the development of a ‘Forest Fire Dan- 
ger Meter” which aids in appraising the in- 
fluence of wind velocities and the moisture 
content of forest fuels. ‘Forest Fire Weather 
Forecasting’ by Roy Headley, appearing in 
the October 1939 QUARTERLY, analyzed the 
effects of weather on forest fire behavior and 
emphasized the need for accurate and reliable 
weather forecasting as a tool for effective 
forest fire prevention and as an aid in fire 
fighting operations. David P. Godwin dis- 


cussed the use of “Helicopters for Forest Fire 
Control” in the July 1946 QUARTERLY and 
notes the role aerial observation may play in 
detecting the influence of weather on forest 
fire behavior. Most recently,.A. A. Brown, 
Chief, Division of Fire Research, U. S. Forest 
Service, wrote an article for the July 1950 
QUARTERLY in which he also noted the im- 
portance of having forest fire fighters trained 
in observations of meteorological conditions. 
The text above should assist all concerned in 
recognizing the important weather conditions 
which have a marked influence on how forest 
fires may be intelligently suppressed. 
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Eprror’s Note: In the October 1951 Quarterly of the NFPA, an article 
under this title was published to advise interested members of the Association 
about the research work which had been conducted up to that time by the Jack- 
son Laboratory of E. I. duPont de Nemours & Company (designated Part 1) and 
by the Engineer Development and Research Laboratories of the United States 
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Army (designated Part II). 


Reprints of this article (identified as NFPA No. 


Q45-10) are available from the NFPA for 50 cents each. 


This present article is divided into five parts (designated Parts III through 
VII) and reports on the progress, as seen by the authors, which has been made 
during the three years since Parts I and II were published. The opinions ex- 
pressed in the material published herein are those of the authors. 


It should be emphasized that research is continuing on these and other extin- 
guishing agents and that practical fire extinguishment applications have not been 
completed. As further data becomes available the NFPA will attempt to keep 


its members advised. 


Much of the information published herein is based on material presented or 
prepared for presentation at the 58th. NFPA Annual Meeting held in Washing- 


ton, D. C., May 17-21, 1954. 


Part III* 


Research at the 
Technical Development and Evaluation Center 
Civil Aeronautics Administration’ 


By Harvey L. Hansberry, Chief, Power Plant Branch 


The work of the Civil Aeronautics Ad- 
ministration, Technical Development and 
Evaluation Center, with halogenated hy- 
drocarbon extinguishing agents is limited 
to their use for protection against aircraft 
powerplant fires in flight. Our work is 
not yet complete so this is in the nature of 
a progress report. 


—_—- 


*For Parts I and II, see October 1951 NFPA 
Quarterly or NFPA Pamphlet No. Q45-10 as 
explained in Editor’s Note above. 

1For background data, see NFPA Quarterly, 
July 1948, pages 38 to 45 and NFPA Aviation 
Bulletins No. 46 (50 cents) and No. 94 
($1.00) available from the Association. 


For complete evaluation of any new 
agent we prefer to work with it over a 
reasonable period of time, in all types of 
aircraft powerplant configurations, under 
various air flow and fire conditions. In 
earlier times, literally hundreds of tests 
were required under a wide variety of 
conditions to properly evaluate carbon 
dioxide (COz) and methyl bromide 
(CH3Br) for use in aircraft engine extin- 
guishing systems. We want to develop the 
same basis for evaluating dibromodifluoro- 
methane (CBr2F2) and bromotrifluoro- 
methane (CBrF3), designated, for con- 
venience in reference, as Halon 1202 and 
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1001) under various conditions of air flow in a jet aircraft powerplant. 





test used the CAA experimental high rate discharge system. 


Halon 1301 respectively.? It is these two 
halogenated bpeheacishione which have re- 
ceived our greatest attention during the 
past three years. 


From the standpoint of comparing 
these two new agents, it is unfortunate 
that since we started our test work earlier 
with Halon 1202 than with Halon 1301, 





2Halon numbers are designed for convenient 
and quick reference to the numerous chemical 
compounds known as “halogenated hydrocar- 
bons.” The first digit of the number repre- 
sents the number of carbon atoms in the com- 
pound molecule; the second digit, the number 
of fluorine atoms; the third digit, the number 
of chlorine atoms; the fourth digit, the number 
of bromine atoms; the fifth digit, the number 
of iodine atoms. In this system terminal zero 
digits are not expressed. 


we have never tested the two against 
each other or even against any one test 
standard. We have compared Halon 
1202 with methyl bromide (Halon 1001) 
and Halon 1301 with carbon dioxide. 


During fire extinguishment tests in the 
powerplant of a new U. S. Air Force jet 
bomber (designated the XB-45), a signif- 
icant number of tests were conducted 
which compared the fire fighting abilities 
of methyl bromide and Halon 1202 using 
various air flows through the powerplant 
of from zero to 15 pounds per second to 
simulate ground and flight fire condi- 
tions. This work is completely covered 
in CAA Technical Development Report 





°Available from the CAA. 
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No. 205. As a result of those tests, it 
was concluded that the extinguishing abil- 
ities of methyl bromide and Halon 1202 
were essentially identical, which means 
that Halon 1202 is a very good extin- 
guishing agent. Both methyl bromide and 
Halon 1202 performed more effectively 
on a pound for pound basis than did car- 
bon dioxide or bromochloromethane* 
(Halon 1011), which were used for com- 
parative purposes. (See Figures 1, 2, 3 
and 4, which graphically present the re- 


*In an effort to standardize chemical ter- 
minologies and to be chemically accurate, 
CH.BrCl (Halon 1011) will be referred to 
herein as “bromochloromethane” rather than 
“chlorobromomethane” (often referred to as 
“CB” or “CBM” in the trade). 


LEGEND: 


ORIGINAL NACELLE e 
WITH EXPOSED Oo 
TRANSVERSE STIFFENERS 


INSIDE SKIN OR LINING a 
WITH SMOOTH SURFACE |O 


if 


a cs 
e LS 
cy CJ 
Li ¥ 
co * 
A || 
ed Ld 
LJ # 
cs cs 
& . 
i A 
| Y * 
| a 
cs 


Peo 2 a ee 2 


SESE 
BRELAAT CREASE RRO 
Pa eee ee 2 1 td Sf 
Lt 2 eee 2k eee 2 ek 
Pt tole tT TT TA 
Cc tee td tt | 
22 6B RS wh 


- 
o 
a 
z 
2 
oO 
a 
—_— 
a 
wW 
© 
x 
<q 
= 
oO 
” 
fa) 
w 
2 
< 
x 
- 
Ww 
= 
° 
e 
° 
2 
as 
= 
°Q 
° 
= 
° 
x 
o 
a 


o 


145 


sults achieved using a CAA experimental 
high rate discharge system installed in the 
test engine.) 


At present, we are conducting tests in a 
simulated Lockheed Constellation power- 
plant. The interior arrangements of the 
test sections are geometrically identical 
with the installation in the actual nacelle 
of a Constellation. The objective of the 
work is to determine whether an increase 
in fire fighting ability would result by re- 
placing the carbon dioxide in the existing 
powerplant fire extinguishment system 
with Halon 1301. No changes have been 
made in the extinguishing system which 
incorporates a feed line one inch in diam- 
eter and 76 feet long with four discharge 


TEST FIRE EXTINGUISHED 
TEST FIRE NOT EXTINGUISHED 


TEST FIRE EXTINGUISHED 
EST FIRE NOT EXTINGUISHED 


AIR FLOW THROUGH COMPARTMENT ( POUNDS/ SECOND) 


Figure 2. 


CAA fire extinguishing test results with dibromodifluoromethane 


(Halon 1202) under various conditions of air flow in a jet aircraft powerplant. 
This test used the CAA experimental high rate discharge system. 
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AIR FLOW THROUGH COMPARTMENT (POUNDS/SECOND) 


Figure 3. 


various conditions of air flow in a jet aircraft powerplant. 


CAA fire extinguishing test results with carbon dioxide under 


This test used the 


CAA experimental high rate discharge system. 


nozzles in each of two separate “‘zones’’ in 
the powerplant.‘ It is known that little, if 
any, air flows through the aft auxiliary 
power compartment zone under flight con- 
ditions, but the air flow through the en- 
gine accessory section is unknown. Ac- 
cordingly, the air flow in the accessory 


4Aircraft powerplants (engines) are, for con- 
venience, divided in three fire “‘zones.”’ Zone 
1 is the “power section” forward of a dia- 
phragm which separates it from Zone 2 which 
comprises the ‘“‘accessory section.” Behind 
Zone 2 is Zone 3 which is likewise separated 
by a diaphragm. The diaphragms act as “fire 
walls’ to separate each zone and the extin- 
guishing systems are designed to handle each 
zone’s requirements which vary due to air flow 
differences under flight conditions. (For 
further details, see Chapter 68, NFPA Hand- 
book of Fire Protection, Eleventh Edition.) 


section was varied from one to fout 
pounds per second. Minimum quantities 
of the two agents required to extinguish 
the severest fires obtainable under the 
various air flows are given in Table No. 1. 


The quantities noted extinguished si- 
multaneous fires and the results indicate a 
clear superiority of Halon 1301 over car- 
bon dioxide. That superiority appears 
great enough to put Halon 1301 in the 
same class as methyl bromide and Halon 
1202. 

Direct comparisons between the new 
agents are yet to be made, but will be ac- 
complished on existing and future test in- 
stallations at our Laboratory. One of the 
major efforts in future work will be to de- 


(Continued on page 148) 
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Table No. | 


Research by CAA Technical Development and Evaluation Center 


Comparison of Effectiveness of Carbon Dioxide and Bromotrifluoromethane (Halon 1301) 


in Extinguishing Severe Aircraft Engine Fires 


——_—_—_-_-e—o— 


Quantity of Air Passing noe Engine Acces- 
Pounds of Agents Tested sory Section (Pounds/Second) 


Pounds Carbon Dioxide Required 
Pounds Halon 1301 Required 
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Figure 4. CAA fire extinguishing .est results with bromochloromethane (Halon 
1011) under various conditions of air flow in a jet aircraft powerplant. This 
test used the CAA experimental high rate discharge system. 
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termine the optimum system for use with 
each new agent as the effectiveness of any 
agent evaluated in the past depended, to 
some extent, on the system and method of 
discharge which was used with it. Based 
on the tests briefly described above and on 
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isolated tests under various fire conditos 
we believe both dibromodifluorometha 
(Halon 1202) and bromotrifluoromet 
ane (Halon 1301) will prove to be v« 
satisfactory extinguishing agents for coi 
bating aircraft powerplant fires in flight 


Part IV 


Research By Wright Air Development Center® 
Department of the Air Force 


By Howard A. Klein, Aircraft Fire Protection Section 


At the May 1951 NFPA Annual Meet- 
ing, the United States Air Force fire ex- 
tinguishing agent development program 
was presented in summary form.® It is 
the purpose of this _ to acquaint this 
Association with the developments which 
have taken place between 1951 and the 
present date. 


Bromochloromethane Now Standard 


Virtually all USAF aircraft powerplant 
fire extinguishing systems have been trans- 
formed from carbon dioxide and methyl 
bromide (Halon 1001) to bromochloro- 
methane (Halon 1011). With few ex- 
ceptions, only the old World War II air- 
craft such as the C-46, C-54, B-17 and 
B-26 contain carbon dioxide powerplant 
fire extinguishing systems. 


The USAF has utilized bromochloro- 
methane (Halon 1011) with some nota- 
ble success. You may recall that on May 
3, 1953, a C-119 (known as the “Flying 
Boxcar”) with 40 passengers on board 
had an engine fire in flight over Victor- 
ville, California. The passengers bailed 


5For background data, see NFPA Quarterly, 
April 1950, page 235. See also NFPA Avi- 
ation Bulletin No. 44 (available from the As- 
sociation for $1.00 per copy). 

6See NFPA Aviation Bulletin No. 70, “USAF 
Aircraft Fire Extinguishing Agent Develop- 
ment Program’ by Raymond R. Stasiak, USAF. 
A. B. No. 70 is available from the NFPA 
Executive Office for 25 cents each. See also 
Proceedings, 55th NFPA Annual Meeting, 
page 171. 


out to decrease the weight of the aircrz 
and thereby improve the flight characte 
istics of the aircraft operating on only o: 
of its two engines. The fire in the bur 
ing engine was extinguished with Hal 
1011 and the expensive aircraft was sav 
from destruction. 


In another incident a crew memb 
crawled into a wing of a C-124 (“Glob 
master’’) aircraft and extinguished an e 
gine fire with a one-quart portable br 
mochloromethane extinguisher (Ty 
A-20") by opening the fire wall door ar 
squirting Halon 1011 on the burnir 
generator. The fire was extinguished ar 
the hot generator cooled down by tl 
Halon 1011 liquid to below the ignitic 
temperature of the gasoline which w 
leaking onto the generator. 


In another case, again involving 
C-119, an engine fire was controlled : 
flight but not completely extinguishe 
The aircraft was landed and the cre 
chief extinguished the residual fire wit 
one Type A-20 bromochloromethane e3 
tinguisher. The damage was relativel 
slight and the aircraft saved. 


Of course, just as in the case of groun 
fire fighting where buildings are som 
times lost, so are there cases where w 
have failed to extinguish an engine fire i 
















7See NFPA Aviation Bulletin No. 55, “US 
Military Specification for Aircraft Extinguis 
er; Type A-20. A. B. No. 55 is available fro 
the NFPA Executive Office for 25 cents each 
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flight. These failures may have been due 
to a variety of reasons, including poor fire 
emergency procedure or late fire detection, 
with resultant severe fires incapable of 
being coped with by the limited amount 
of airborne agent available. 


To increase our ability to fight fires in 
flight with smaller amounts of agent and 
to increase the probability of extinguish- 
ment of a given fire with the same amount 
of agent, it is necessary that improvements 
be made in agent efficiency. 


Dibromodifluoromethane Developments 


It was mentioned in 1951 that effort 
was being expended on a new agent, di- 
bromodifluoromethane (Halon 1202). In 
the same volume cylinder which we for- 
merly could charge with 16 pounds of 
Halon 1011, we can now get 19 pounds 
of Halon 1202. In addition, Halon 1202 
is more effective. The advantages are ob- 
vious. We get more fire protection per 
pound of equipment and per pound of 
agent, without requiring precious extra 
aircraft space. In addition, Halon 1202 
can be utilized in the same equipment as 
Halon 1011 with fewer corrosion prob- 
lems. 


Since 1951, Halon 1202 has been eval- 
uated at a number of other testing facili- 
ties including those of the Civil Aeronau- 
tics Administration (see Part III of this 
article) and Aerojet— General Corp. 
The Aerojet effort was performed under a 
USAF Contract and is described in Air 
Force Technical Report 5876 ‘Rocket Fire 
Protection.” This latter work proved 
conclusively that Halon 1202 can extin- 
guish a rocket fire combination of fuel 
and oxidizer. 


These data and other results reported 
herein, plus approval for the use of Halon 
1202 from a toxicological viewpoint (by 
the Air Surgeon, Air Materiel Com- 
mand), have all pointed towards the ac- 
‘See also NFPA Aviation Bulletin No. 91, 
“USAF Studies on Fire Extinguishing Agents 
for Rocket Fuels.” A. B. No. 91 is available 
from the NFPA Executive Office for $1.00 
each and briefs AF Technical Report No. 
5872 prepared under contract with the USAF 
by Purdue University. 
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ceptability of the agent for future USAF 
use and limited ree of Halon 
1202 have already been made. 


On October 20, 1952, during a ground 
check of the Bell X-1A aircraft, a fire oc- 
curred which was detected by the thermal 
switch fire detector. This automatically 
initiated the fire extinguishing system 
containing Halon 1202 and the fire was 
extinguished with such rapidity that it 
wasn't known that a fire existed until the 
engine was inspected shortly thereafter. 


There is a possibility that one type of 
USAF bombardment aircraft and one 
USAF cargo aircraft may utilize Halon 
1202 in the near future. In addi- 
tion, a number of other special applica- 
tions for the agent have been made. How- 
ever, to date, no over-all change from 
Halon 1011 to Halon 1202 has been 
made. Any future change to Halon 1202 
would be accomplished on new aircraft 
and on depletion of the existing Halon 
1011 supply, both in stock and aboard 
aircraft. Since Halon 1202 can be utilized 
in existing equipment, this change can be 
readily accomplished in both low pres- 
sure, fixed aircraft systems and in portable 
hand fire extinguishers. 


Other Research — Magnesium 


The USAF is also conducting develop- 
ment on other special fire extinguishing 
agents. Magnesium fires offer a special 
challenge to fire fighters. Carbon dioxide, 
water, nitrogen and the halogenated 
agents combine chemically with burning 
magnesium and thus these materials are 
unsatisfactory as fire extinguishing agents. 
The judicious application of water to 
magnesium may result in cooling the 
metal below its ignition point and thus 
achieve extinguishment, but, at best, this 
is a very dangerous operation which could 
lead to the spread of the fire. 


The presence of magnesium and gaso- 
line in aircraft presents special problems. 
These are not small machine shop type 
magnesium fires. Sand, salt or various 
other powders have been found unsatis- 
factory in this usage. Therefore, the 
Southwest Research Institute at San An- 
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tonio, Texas and the Francis Earle Labora- 
tories at Peekskill, New York have in- 
vestigated the magnesium fire problem 
for the USAF. It is anticipated that their 
reports will be available in the near fu- 
ture. Glycols, phosphates and borates 
appear to be the most promising mag- 
nesium fire extinguish'ng agents. 


Other Research — Foam 


With regard to mechanical foam, the 
USAF relies largely upon the Navy for 
development effort. ere is one excep- 
tion, however, wherein the USAF has 

erformed some work on alcohol foam 
which has been reported in AF Technical 
Report No. 6130, “All-Purpose Fire Ex- 
tinguishing Foams.” It is planned to 
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evaluate all-purpose foams from different 
sources as to suitability for hydrocarbon 
and alcohol fires. 


USAF Fire Record 


Significantly, the fire accident rate has 
been decreasing. During the last quarter 
of 1953 the number of fire accidents has 
been the smallest since careful compila- 
tion of fire accident records was initiated 
some years ago. USAF aircraft have 
never been so well designed with regard 
to fire prevention, detection and extin- 
guishment and, to a large extent, the im- 
——— in fire extinguishing agents 

ave been responsible for this increased 
success in fire protection. 


Part V 


Research by Engineer Research and Development Laboratories 
Corps of Engineers, U. S. Army?® 


By James E. Malcolm, Chief Agents and Techniques Section 
Fire Fighting Branch 


The basic laboratory and small scale 
evaluations of the research conducted on 
new halogenated extinguishing agents 
by the Department of the Army were 
discussed in Part II of the article on this 
subject in the October 1951 QUARTERLY 
(See Editor’s Note, page 143). Since 
the spring of 1951, the avenues of inves- 
tigation have included the following: 

a. Further toxicological studies on the 
agents at the Army Chemical Center Med- 
ical Laboratories. 

b. Design and development of a one 
quart size extinguisher unit for use with 
bromotrifluoromethane (Halon 1301). 

c. Investigation of the use of 15 and 
50 pound size extinguishers for use with 
bromotrifluoromethane (Halon 1301). 

d. Design of 15 and 50 pound bromo- 
trifluoromethane (Halon 1301) extin- 





9For background data, see Part II in the Octo- 
ber 1951 NFPA Quarterly or NFPA Pamphlet 
Q45-10 as explained in the Editor's Note, 
page 143). 





guisher components, i.e., nozzle, valve, 
etc., and a field charging unit. 


Toxicological Studies 


Several investigations have been con- 
ducted at the Medical Laboratories in the 
field of vaporizing liquid fire extinguish- 
ing agents, and two concern the compara- 
tive evaluation of agents of interest at 
this time. 


Medical Laboratories Research Report 
No. 107 presented results of studies on 
the inhalation toxicities of the decompo- 
sition products of carbon tetrachloride, 
bromochloromethane (Halone 1011), di- 
bromodifluoromethane (Halon 1202), 
and bromotrifluoromethane (Halon 
1301) when used on gasoline fires. In 
these studies vapor exposures were made 
to 40 rats and 20 mice for 15 minutes in 
each evaluation. The tests were conducted 
in a 20 cubic meter (680 cubic feet) ex- 
posure chamber. The room was fire re- 


(Continued on page 153) 
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ferent Table No. 2 
arbon , ; s 
Results of Tests by Chemical Corps Medical Laboratories 
Concentrations of Fire Extinguishing Compounds and Their Decomposition 
; Products Showing Mortality to Mice and Rats 
E 
‘e has ‘ After Discharge of the Contents of a Three Pound Fire Extinguisher 
uarter | ——— ce 
ts has Concentration in Chamber Mortality 
npila- mg x 103/m3 Temperature wis Within 14 Days 
a elative 
pea Agent = et j Humidity 
‘ecard | Agent Carbon en Before After Mice Rats 
wet Monoxide* as COCI,** Fire Fire 
1e im- as Se as 
agents ° ° 
ad mg x 103/m3 FE F Per cent |Per cent|Per cent 
Fire Only 
Fire Only 0 0.023 Negative | 72 125 69 0 0 
Unaltered Vapor — No Fire i 
' 
CCl, 106 0 0 68 96 5 0 
Halon 1011 76 0 0 85 47 0 5 i 
Halon 1202 67 0 0 68 80 3 0 i 
valve, Halon 1301 65 0 0 71 86 0 0 i 
Rapid Extinguishment of Fire 
| 
n con- CCl, 41 0.009 0.0004 76 86 78 5 10 
= ee Halon 1011 | 20 0.011 | 0.0004 75 95 62 0 3 
| - 
coche Halon 1202 15 0.011 Negative 69 82 86 80 15 
rest at Halon 1301 16 0.011 Negative 68 82 76 0 6 
Report Slow Extinguishment of Fire 
lies on ; 
‘ompo- CCl, 18 1.1 0.04 67 | 122 53 10 33 
“ | ee. 30 1.1 0.05 64 91 84 10 33 
1), di- 
1202), ; Halon 1011 82 1A 0.02 72 120 80 20 8 
[alon fF Halon 1011 47 13 0.03 84 108 62 32 29 
res. In Halon 1202 43 1.1 0.02 66 113 71 37 0 
> made 
coy Halon 1202 20 1.6 0.06 81 122 61 100 9 
ducted Halon 1301 11 1.1 Trace 64 122 65 0 0 
et) ex: Halon 1301 14 1.1 Trace 81 124 50 5 3 
fire re- agatha nbc apache teciteananianspsittcciaiinmeiltiiia aii Daa aa 
ze 153) * To convert to parts per million, multiply by 0.873 





** To convert to parts per million, multiply by 0.247 
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sistive in construction. On one side, the 
animal cages were suspended 5 feet from 
the floor. The cages were covered with a 
fire retardant treated cloth curtain which 
could be raised and lowered by means of 
a rope and pulley from outside the cham- 
ber. The curtain provided heat protec- 
tion for the animals in the fire tests. 


In the center of the room, a galvanized 
iron pan 1 inch high and 12 inches square 
was used to contain one-half pint of gaso- 
line (80 octane). There was no tetra- 
ethyl lead in the gasoline. It was ignited 
by two squibs which were connected elec- 
trically and discharged from outside the 
chamber. In a corner opposite from the 
animal cages a 10 inch fan was placed 
for circulating chamber air after the fire 
was extinguished and after the animal 
exposures were initiated. 


Approximately 5 feet from the floor of 
the chamber next to the animal cages, the 
nozzle of the fire extinguisher was in- 
serted into the chamber and directed 
downward to the base of the pan con- 
taining the gasoline. The fire extin- 
guisher was operated from outside the 
chamber. The agent under about 400 

unds of nitrogen pressure was released 
into the chamber by a trigger mechanism 
such as is on a standard carbon dioxide 
type extinguisher. 


The following methods were used in 
the test program: 


a. For the fire only tests, gasoline was 
_— in the pan and ignited. The fire 
urned for approximately 2 minutes. 
Animals were exposed for 15 minutes and 
then removed from the chamber. 


b. For the unaltered vapor tests, - 
proximately 3 pounds of fire = 
ing agent was discharged immediately 
(within 15 seconds) from the fire extin- 
guisher into the chamber. No gasoline 
was placed in the chamber. The animals 
were exposed for 15 minutes and then 
removed from the chamber. 


c. For the rapid fire extinguishment 
tests, one half-pint of the unleaded gaso- 
line was placed in the 12 inch square by 
one inch high pan and ignited. The fire 
was then put out in about 15 seconds by 


153 


one of the fire extinguisher charges. (The 
amounts of the various agents tested to 
secure extinguishment were approximate- 
ly 2.6 pounds of carbon atieclbaid 1.3 
pounds of Halon 1011, 0.9 pounds of 
Halon 1202, and 0.3 pounds of Halon 
1301.) After extinguishing the fire, the 
curtain was raised from the animal cages 
to expose the animals. To prevent raw 
gasoline from evaporating, the pan 
was covered by a sheet of thin metal 
which was initially supported by a rod. 
After the fire was extinguished, a cord 
attached to the rod was pulled, allowing 
the metal sheet to fall on the pan to cover 
unburned gasoline. 


d. For the slow fire extinguishment 
tests, the contents of one fire extinguisher 
were discharged into the chamber. Then 
the gasoline was ignited and allowed to 
burn out. The burning time of the fires 
varied from 30-60 seconds. The remain- 
der of the procedure was the same as in 
the rapid extinguishment tests. 


To supplement the animal observa- 
tions, air samples were taken during the 
exposure periods and analyzed for extin- 
guishing agent, carbonyl halides, carbon 
monoxide, oxygen, carbon dioxide, free 
halogens, and halogen acids. 


The results of these studies are sum- 
marized in Table No. 2. It is of particu- 
lar interest to note that Halon 1301 pro- 
duced only trace amounts of carbonyl 
(phosgene like) compounds, whereas the 
other agents tested in the slow extinction 
method showed from 20 to 60 micro- 
grams of carbonyl halide per cubic meter 
(based on the weight of phosgene). 


Medical Laboratories Research Report 
180 covers chronic exposure studies with 
bromotrifluoromethane (Halon 1301) and 
dibromodifluoromethane (Halon 1202). 
In this study rats and dogs were used. 
With bromotrifluoromethane (Halon 
1301) at 2% concentration in air (by 
volume), no effect, other than some con- 
gestion observed on autopsy, was noted 
after almost 500 cumulative hours of ex- 
posure. With dibromodifluoromethane 
(Halon 1202) at 0.2% concentration, 
dogs were paralyzed and became uncon- 
scious after 120 cumulative hours of ex- 
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preburn was allowed before extinguishment was attempted. 
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posure; rats showed pronounced reac- 
tion and deaths resulted after 120 hours 
of exposure. 


Extinguisher Developments 


From fire tests and studies of the char- 
acteristics of bromotrifluoromethane 
(Halon 1301), a charge of 2.75 pounds 
for an extinguisher volume of 69 to 70 
cubic inches was selected, pressurized 
with nitrogen gas to give a total internal 
pressure of 400 pounds per square inch 
at 70° F. It was also found that a slight 
modification could be made to the charge 
so that the total pressure at 130° F could 
be kept under 625 pounds per square 
inch and thus permit use of a welded ex- 
tinguisher container complying with the 
Interstate Commerce Commission te- 
quirements for compressed and liquefied 
gases. (Nitrogen pressurization is used 
to facilitate extinguisher discharge char- 
acteristics at the extreme low tempera- 
tures.) 

The 23/4 pound extinguisher is a nom- 
inal one quart unit. The relative per- 
formance of the one quart (or 2% 
pound) bromotrifluoromethane (Halon 
1301) type extinguisher, compared with 
other current extinguishers used by the 


Army and two pressurized units used in- 
dustrially, is indicated in Table No. 3. 


In the comparisons presented, the fol- 
lowing current types of extinguishers 
were used: (1) a pee carbon 
tetrachloride extinguisher, one quart size; 
(2) a standard double acting carbon tet- 
rachloride pump gun, one quart size; 
(3) a pressurized bromochloromethane 
extinguisher, one quart size, and (4) a 
standard carbon dioxide extinguisher, 
four pound size. The extinguishers were 
charged with the agents indicated. The 
bromotrifluoromethane extinguishers used 
in these tests were test units fabricated 
by Walter Kidde and Company, Inc., 
procured for the purpose of service eval- 
uation of the agent as well as for the 


purpose of testing the extinguisher 
design. 


Actual extinguisher design and devel- 
opment have been conducted in coopera- 
tion with leading fire extinguisher manu- 


ry 


facturers, and various designs have been 
tested in the field. This phase of the 
development program is still in progress. 


Paralleling the nominal one quart ex- 
tinguisher development in many respects, 
is the program on the utilization of 
Halon 1301 in 15 and 50 pound capacity 
fire extinguishing units. In this program 
both the evaluation and design phases to 
date have been carried out at the Engi- 
neer Research and Development Labora- 
tories. One of the most difficult prob- 
lems in the application of Halon 1301 
in this range has proved to be the design 
of an efficient nozzle giving the desired 
discharge stream. Various discharge rates 
have been evaluated. Table No. 4 shows 
the results of a series of tests using an ex- 
tinguisher with a nozzle giving about 1/, 
pound S second discharge of Halon 
1301. This extinguisher is compared to 
several other extinguishers using halo- 
genated agents and carbon dioxide. 

Table No. 5 shows a comparison of a 
nozzle delivering almost one pound per 
second of Halon 1301 and a commercial 
dry chemical type extinguisher. In this 
test an 85-inch diameter tub was used 


containing water on which 10 gallons of 
gasoline were poured, giving a freeboard 
of 10 inches. 

Subsequent to the tests reported in 
Table 5, additional tests were conducted 
with a second high rate discharge nozzle 
using Halon 1301 to determine if the test 
results were influenced by the depth of 
fuel in the seven foot tub fire. Both 10 
and 50 gallons of gasoline were used and 
the 50 gallon tests gave a fuel depth of 
essentially 2 inches, the fuel depth now 
proposed for tests in the proposed re- 
classification system for fire extinguish- 


ers.1° The results obtained indicated no 
significant variation of results. 


Field Charging Equipment 
In this program field charging equip- 
ment is belie designed such that recharge 
of the extinguishers may be made at mili- 


tary depots directly from Halon 1301 
shipping cylinders. 


10See NFPA Advance Reports to the 57th. An- 
nual Meeting, 1953, pages 205-209. 
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Table No. 5 


Engineer Research and Development Laboratories 


Comparison Tests on Seven Foot Tub Fire* Using Bromotrifluoromethane 
(Halon 1301) and Commercial Dry Chemical Extinguisher 


Halon 1301 Discharged at Approximately One Pound Per Second 


Agent No. of Fires 
Bromotrifluoromethane 8 
(Halon 1301) using 
high velocity nozzle 
Dry chemical (20 pound 5 


commercial extinguisher) | 


Weight of Agent Extinguishment 
Used (Averaged) | Time (Averaged) 
Ibs: oz seconds 
5:15 7.1 
15:03 | 9.6 


*Tests were conducted using a tub 85.2 inches in diameter containing 10 gallons of gasoline 


floated on water. 


The freeboard was 10 inches. 


Although tests were conducted using all va- 


porizing liquids and mixtures shown in Table No. 4, only dry chemical and Halon 1301 effec- 


tively extinguished this fire. 


The next step in this program is the 
field testing of extinguishers and the 
charging apparatus. 

Further investigation of the vaporiz- 
ing liquids is anticipated in connection 
with the use of a “knock-down” agent in 


Army fire fighting equipment for Arm 
chides pir auido of fixed in 
fighting systems for combat type vehicles. 
This latter study will fall under the cog- 
nizance of the Ordnance Corps rather 
than the Corps of Engineers. 


Part VI 


Research by the Bureau of Aeronautics! 


Department of the Navy 


By Arthur Y. Stamm, Head, Airborne Tankage and Fire Protection Section 


This article reports on the Navy’s 
reasons for the selection and intended use 
of the fire extinguishing agent bromotri- 
fluoromethane (Halon 1301) in aircraft 
fixed fire extinguishing systems. 


Carbon dioxide was the first fire ex- 
tinguishing agent to become generally 
used in Naval aircraft fixed fire extin- 
guishing systems. Such systems were 
used by the Navy in only the larger type 
multi-engine aircraft. The next agent to 
be used in similar type aircraft was 
methyl bromide (Halon 1001). The 





11For background data, see NFPA Aviation 
Bulletin No. 87 available from the Association 
for 25 cents per copy. 


primary reason for using methyl bromide 
was to effect a weight saving of approxi- 
mately 35 per cent over a carbon dioxide 
system of equal effectiveness. Methyl 
bromide, as is generally known, is a 
highly toxic agent; however, in consider- 
ation of the remoteness of fixed installa- 
tions in multi-engine aircraft as related to 
inhabited spaces, the risks were consid- 
ered by the Navy to be minimized and 
no serious incidents have occurred. When 
it became apparent, however, that fixed 
fire extinguishing systems would also be 
used in some Navy carrier type aircraft, 
it was necessary to choose a less toxic fire 
extinguishing agent. 
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Navy Selects Bromotrifluoromethane 


The factors which led the Navy to the 
selection of Halon 1301 for aircraft 
fixed fire extinguishing systems, are as 
follows: 


Toxicity. Accidental discharge of 
the fire extinguishing system during car- 
rier operations and particularly while the 
aircraft is on the hangar deck must be 
recognized as a possibility. This means 
that personnel could be exposed to the 
agent under many possible conditions. 
This factor, along with consideration of 
the products of decomposition of the 
agent when used to extinguish a fire, im- 
posed a requirement that the least toxic 
agent must be used that is otherwise sat- 
isfactory. Research reported elsewhere 
in this article indicates that Halon 1301 
is the least toxic agent that could be 
considered. Dibromodifluoromethane 


(Halon 1202) is slightly more toxic than 
bromochloromethane (Halon 1011). 


EFFECTIVENESS. Halon 1301 and 
Halon 1202 are essentially equal in ef- 
fectiveness to methyl bromide as a fire 
extinguishing agent. Bromochlorometh- 
ane (Halon 1011) is slightly less ef- 
fective than either of these agents. All 
are suitable for use at temperatures from 
+160°F to —65°F, although Halon 1301 
is more effective than Halon 1202 at 
65°F. 


CorrosIVE EFFECTS. None of these 
agents present corrosive problems inso- 
far as the metals commonly used in Naval 
aircraft fire extinguishing systems are 
concerned. Cortosion-resistant steel is 
used in extinguishing systems located in 
aircraft fire zones; outside fire zones, 
magnesium tubing protected against cor- 
rosion or corrosion-resistant steel is used 
in methyl bromide systems. Aluminum is 
not used in the system design in Naval 
aircraft where contact with methyl 
bromide is possible. Bromochlorometh- 
ane has never been used in Naval air- 
craft; however, the same materials used 
in the methyl bromide system would be 
utilized in a bromochloromethane system. 
This utilization of metals in the methyl 
bromide system has proven satisfactory 


in service and is considered the lightest 
weight system possible consistent with 
good design practice. Accordingly, it 
was considered that no corrosive problems 
would arise with this combination of 
materials in contact with Halon 1301 or 
Halon 1202 since preliminary investiga- 
tions indicate that they are noncorrosive 
to common metals. Aluminum alloy 
parts and tubing can be used in contact 
with Halon 1301 in locations outside of 
fire zones. 


WEIGHT AND SysTEM DESIGN. By 
utilizing materials as noted above, there 
would be no appreciable change in weight 
of a fire extinguishing system using 
either methyl bromide, bromochloro- 
methane or Halon 1202. The work of 
the CAA Technical Development and 
Evaluation Center on a “high rate dis- 
charge system” (see Part III herein) for 
which the more volatile agents carbon 
dioxide and Halon 1301 are particularly 
suited, indicates that this type system 
would weigh less than the conventional 
methyl bromide system since the nozzle 
ring and some plumbing could be elimi- 
nated and less agent would be required. 
This simplified extinguishing system 
would probably cost less than the con- 
ventional system. Full scale fire tests are 
continuing and the results of this work 
will be summarized and published by the 
Civil Aeronautics Administration. 


AGENT AVAILABILITY AND COSTS. 
Methyl bromide and bromochloromethane 
are commonly available materials that cost 
in the order of $.55 per pound. Halon 
1301 can be readily obtained; one manu- 
facturer maintains a supply of 5,000 
pounds and can supply 20,000 pounds in 
a month to six weeks. Several 1,000 
pound lots would cost in the order of 
$4.00 per pound and volume production 
could bring the price under $2.00 per 
pound. This agent is also suitable for 
use as a low temperature refrigerant. 
Availability of Halon 1202 would be 
comparable to bromotrifluoromethane; 
however, the cost would be approximately 
$6.00 per pound. 
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Part VII 
Research by E. |. duPont de Nemours & Co. 


By Edmond G. Young, Manager, Sales Development, ‘'Kinetic'’ Chemicals Division 


Since the report by Drs. R. C. Downing 
and B. J. Eisemen, Jr., of the Jackson 
Lab. ratory in the NFPA QUARTERLY in 
October 1951 (Part 1), there has been 
considerable work conducted in our lab- 
oratories to further develop the necessary 
properties of these compounds which are 
important in their application as fire 
extinguishing agents. 

It has been the purpose of this work 
to determine the basic physical and chem- 
ical properties of the agents. A subse- 
quent report will be made concerning 
the study of the physiological properties, 
which work is now being conducted for 
us at the Underwriters’ Laboratories in 
cooperation with the Medical School of 
Northwestern University. 


The present state of the art of fire 
extinguishment by use of these agents 
has been conducted by others and this 
work is reported in other Parts of this 
article and in Part II of the 1951 text. 


The duPont Company efforts in this 
field have been to provide the fire pro- 
tection engineer with fluids which he can 
intelligently apply to the design of fire 
extinguishing equipment rather than to 
furnish fire protection engineers with 


chemical compounds for which he must 
improvise application techniques. It is 
not our purpose here to report the final 
answers in all the essential properties 
but rather to record the present state of 
information which is considerably ad- 
vanced over that of three years ago. 


The four fire extinguishing agents to 
be covered are as follows: 


Halon No. 


Chemical 
Designation 


Compound Formula 
Bromochlorodi- 

fluoromethane Halon 1211 
Dibromodi- 

fluoromethane Halon 1202 
Bromotri- 

fluoromethane Halon 1301 
Dibromotetra- 


fluoroethane Halon 2402 CBrF.—CBrF, 


CBrCIF, 
CBr. 2Fe 
CBrF; 


Although there has been some infor- 
mation reported previously, more recent 
work has shown that some of these data 
were in error. In addition, the full in- 
formation on the critical properties of 
these agents, the solubility relationships 
between these agents and nitrogen, water 
and carbon dioxide, the viscosities of 
both the liquid and vapor, the thermal 


Table No. 6 
Research by E. |. duPont de Nemours & Co. 
Basic Physical Properties of Selected Halogenated Extinguishing Agents 


Halon 
Chemical Formula 


Molecular Weight 
Boiling point °F. 25. 
Freezing Point °F. = 2575 

Liquid Density at 70°F. g/cc 
Ibs./gal. 

Liquid Density at 130°F. g/cc 
Ibs./gal. 
g/cc 


15.3 


14.2 


Critical Density 
Critical Temperature °F. 308.8 


Critical Pressure Ibs./sq. in. gauge 580. 


CBrCIF» 
165.4 


1.83 
1.70 


0.713 


1211 Halon 1202 Halon 1301 
CBroF2 CBrF, 


209.8 148.9 
76.1 =. nee 
=—2229 — 270.4 


2.28 1.567 
19.0 13.07 


2.15 1.243 
18.0 10.38 


0.844 0.745 0.790 
388.7 152.6 418. 
585. 560. 495. 


Halon 2402 
CBrF,—CBrF, 
259.9 
117.5 
— 166.8 
2.16 
18.0 
2.05 
17.1 
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Figure 6. Estimated liquid viscosities of Halons 1202 
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conductivities, the surface tensions, and 
the specific heat ratios are all now well 
understood. Although there is some du- 
plication from Table II in Part I of the 
1951 report, Table No. 6, given here, 
shows a listing of many of these funda- 
mental properties of the four agents 
listed above as they are now understood. 


The full vapor pressure temperature 
relationships have oes established and 
appear in Figure No. 5. Both vapor 
pressures in pounds per square inch gauge 
and in pounds per square inch absolute 
are shown for ease of use. As a com- 
parison, the vapor pressure curves of sev- 
eral of the more common fire extinguish- 
ing agents are represented by the light 
“dash” lines. It is easy to note that there 
is a halogenated extinguishing agent in- 
corporating fluorine covering almost 
every range of temperature which is 
presently covered by the common fire 
extinguishing agents. Halon 1301 is 
similar in its behavior to carbon dioxide 
and, on the opposite end of the scale, 
Halon 1202 and Halon 2402 are re- 


lated to carbon tetrachloride and bromo 
chloromethane in properties. Despite 
the fact that Halon 1301 has much the 
same general pressure behavior as carbor 
dioxide, there nevertheless is a consider 
able weight gain in the cylinders con: 
taining Halon 1301, since the latter re 
quires a cylinder to withstand a pressure 
of only slightly over 200 pounds per 
square inch while those for carbon dioxid 
must withstand vapor pressures of ap 
proximately 840 pounds per square inch. 


The surface tensions of the two liquid 
agents, Halon 1202 and Halon 2402 are 
shown in Table 7. 


The viscosity data on three of the fout 
agents under study herein have been de. 
termined and are shown in Figures No. 6 
and 7. Figure No. 6 covers the liquid 
viscosity range from —76 to +248°F 
(—60 to +120°C.). Figure No. 7 cov- 
ers the vapor viscosities over the same 
temperature range. 

Many times in the design of a fire ex. 
tinguishing system, the ratio of specifi 

(Continued on page 162 


Despite 
uch the 
carbon 
ynsider- 
rs con- 
itter re- 
pressure 
ids per 
dioxide 
of ap- 
re inch. 
0 liquid 
402 are 


the four 
een de- 


25 No. 6 


e liquid | 


+248°F, 
». 7 COV 
he same 


HALOGENATED EXTINGUISHING AGENTS 


Table No. 7 
Research by E. |. duPont de Nemours & Co. 


Surface Tensions of Dibromodifluoromethane (Halon 1202) 
and Dibromotetrafluoroethane (Halon 2402) 


Temperature Surface Tension Dynes per cm. 


Compound °C. °F. Observed Calculated from Parachlor 


Halon 1202 Taw 
65.0 149.0 
212.0 


Halon 2402 80.6 
136.4 
206.6 


CEL els 
et Por 


EE 


ee 


VISCOSITY -CENTIPOISES 


-20 +10 40 70 100 130 160 190 220 250 
ESTIMATE ACCURACY t 15% TEMPERATURE -°F. 


Figure 7, Estimated vapor viscosities at | atmosphere pressure for some of the fire 
extinguishing agents discussed herein including Halons 1301 (CBrF;), 1211 (CBrClF.) 
and 1202 (CBr2F2), with comparison data on methyl bromide, bromochloromethane 
and carbon tetrachloride. 
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Figure 8. Ratio of specific 
(Cp/Cv) versus temperature at 
pressure for some agents. 


heats becomes important. The data we 
have obtained for the ratio of specific 
heats varying with temperature when 
calculated to zero pressure is shown 
in Figure No. 8. This covers a tempera- 
ture range from —76 to +200°F. 
(—@ to +93°C.). 

Figure No. 9 shows the thermal con- 
ductivities of the liquids. This data is use- 
ful in chiaidliaes Meation on fixed sys- 
tem installations. 

The extent to which the nitrogen pres- 
surizing gas dissolves in the fire extin- 
guishing agents is a design —— in 
many cases. Due to the wide range of 
total pressures which may be considered, 
it is impossible to represent this nitrogen 
solubility data on a single graph. How- 
ever, in Figure No. 10, all the essential 
information is presented to determine the 
solubility under any given set of condi- 
tions. In this Figure, for the various 
temperatures shown, a solubility constant 
“k’’ can be read for each agent. The pro- 
cedure to find the solubility of nitrogen in 
the fire extinguishing agent at any par- 
ticular pressure is to subtract the vapor 
pressure of the pure liquid at the desired 
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temperature from the total pressure and 
thus obtain the partial pressure of nitro- 
gen. This partial pressure of nitrogen, 
divided by the solubility constant “k” 
read from the proper curve in Figure No. 
10, equals the weight per cent of nitrogen 
dissolved in the liquid phase under these 
conditions. 


If one goes through this calculation 
under any particular set of conditions 
which is pertinent to the fire extinguish- 
ing application, it will be found that the 
nitrogen, or air for that matter, is vir- 
tually insoluble in all of the fluorinated 
hydrocarbon agents. This is important in 
the design of self-propelling extinguish- 
ers of the stored pressure type. This fac- 
tor is not so important for Halon 1301 
since, as we have already noted, Halon 
1301 has a sufficient pressure in itself to 
provide for dispensing under normal 
conditions. 


The solubility of carbon dioxide in 
these agents may be of importance either 
in consideration of a combined system or 
for possible use of carbon dioxide as the 
propelling medium for a stored pressure 
extinguisher. The carbon dioxide solu- 
bility in three of the agents is shown in 
Figure No. 11. Although data for Halon 
2402 is not included, it is reasonable to 
assume that it will not behave differently 
than the others, 


It can readily be noted that the solu- 
bility of carbon dioxide in these agents is 
markedly higher than for nitrogen. This 
is of primary concern in the design of 
stored pressure extinguishers. Relatively 
larger ——- of carbon dioxide will 
be used over nitrogen but the pressure 
drop during discharge will not be as se- 
vere with carbon dioxide due to this 
greater solubility. 


The solubility of Halon 1301 was de- 
termined in water. Although only this 
one agent was used in this test, it is be- 
lieved that the other agents are not sig- 
nificantly different. Since certain mini- 
mal quantities of water are almost always 
present in extinguishers, it is of impor- 
tance to understand if this water shall be 


(Continued on page 165) 
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Figure 9. Estimated or reported values for the liquid thermal conductivity of 
Halons 1202 (CBr.F.), 1211 (CBrCIF2) and 1301 (CBrF;) with comparison data 


on methyl bromide, bromochloromethane and carbon tetrachloride. 


Table No. 8 
Research by E. |. duPont de Nemours & Co. 


Swelling of Elastomers in Fire Extinguishing Agents 
Per Cent Increase in Length, Maximum (Room Temperature) 


Elastomers Fire Extinguishing Agents 
Halon 1211 Halon 1202 Halon 1301 Halon 2402 Bromochloromethane 


Hycar OR-15 4.8 11.1 0.6 6.8 49.3 
Perbunan 26 10.1 22.9 0 10.0 50.4 
Neoprene Type GN-A 13.0 26.7 0.2 6.0 34.1 
Hypalon E-7 a2 29.0 2.3 9.8 40.0 
GR-S f 24.0 1.0 15.2 26.3 
Natural Rubber i 34.1 1.3 26.0 31.5 
Butyl ; 47.0 2.0 24.0 14.7 
Thiokol FA : 79 0.3 4.0 * 
Silicone 23 : 36.3 21.5 33.3 14.4 


_ 


*No measurement possible — test pieces disintegrated. 










QUARTERLY OF THE NFPA—OCTOBER 1954 


2000 
Ce eed 
1600 | 
S| omer — 
0 eat La 


1200 


1000 


800 


600 


SOLUBILITY CONSTANT Kk-~psia/wt.% Noe in LIQUID 


PHY a 





TEMPERATURE - °F. 
ESTIMATED ACCURACY * 25% 


Figure 10. Solubility of nitrogen in Halons 1202 (CBr2F2), 2402 (CBrF,— 
CBrF2), 1211 (CBrCIFo) and 1301 (CBrF3). 
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Figure 11. Solubility of carbon dioxide in Halons 1301 (CBrF;), 1202 (CBroF2) 
and 1211 (CBrF.—CBrF2). 
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Figure 12. Solubility of Halon 1301 (CBrF;) in water. 


dissolved and carried throughout the unit 
or whether it shall exist as a separate 
liquid phase thus isolated in the system. 
The data given on Figure No. 12 show 
clearly that the water will exist predomi- 
nantly as a separate liquid phase and 
therefore may cause local corrosion only. 

One new and important chemical prop- 
erty of these fire extinguishing agents has 
been learned since the last report. This 
has reference to the attack of the agents 
on various elastomeric materials which 
might be used for gasketing. This infor- 
mation appears in Table No. 8, where the 
attack is represented by the per cent in- 
crease in length of a standard test strip. 
It will be noted that the conditions for 
this test are room temperature and the 
test has been run a suflicientiy long time 
so the maximum change is represented. 

It is well to point out that not all of 
these agents can be used indiscriminately 


with all manner of gasketing materials. 
Certain of the agents, particularly Halon 
1202, have deleterious action on some of 
the gasketing materials which may be 
used. It is apparent, however, that ap- 
propriate materials can be chosen. It is 
noteworthy that Halon 1301 can be used 
most easily. Bromochloromethane is in- 
cluded in this chart for comparative pur- 
poses only. 

It is the intention of our laboratory to 
continue work to fully explore all the 
properties of these interesting com- 
pounds. We shall be anxious to be ad- 
vised of the requirements of any of those 
who are planning application work with 
these products. Some of the properties 
reported herein are either rough experi- 
mental properties or else calculations 
based on analogous materials. It shall be 
our purpose to confirm these values ex- 
perimentally by our future work. 






































Reorganizing A City Fire Department* 
By Chief Lewis A. Marshall 





Providence Fire Department 


In 1943, the officers of the Providence 
(Rhode Island) Fire Department began 
thinking of ways to reorganize and mod- 
ernize their organization. With the end 
of World War II, some carefully de- 
veloped plans were formulated and by 
1947 action was commenced. In 1951 the 
essential clements of the plans had been 
completed and now, in 1954, the reorgan- 
ization is judged successful by virtue of 
the following principal, tangible results: 


(1) Savings of an estimated $300,000 
per year (cost: $1,750,000). 

(2) Nine new stations constructed. 

(3) Twenty-three old stations aban- 
doned (7 retained). 

(4) Number of fire companies re- 
duced by eight (37 companies before re- 
organization, 29 after). 

(5) Twenty-two new pieces of fire 
apparatus purchased since 1942. 

(6) New vocalarm and radio commu- 
nication system. 

(7) More men at fires per individual 
company. 

(8) Completely new inspection dis- 
tricts with company responsibility. 

(9) Creation of a reserve or second 


fire department through use of replaced 
and off-duty men. 


(10) Establishment of a Division of 
Training with five schools. 


(11) A more effective fire prevention 
program. 


(12) A merit promotion system for 
advancement in the department. 





*Based on an address by the author at the 58th 
NFPA Annual Meeting held May 17-21, 1954 
at Washington, D. C. 
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he addressed the 


Chief Marshall as 
NFPA Annual Meeting in Washington. 


A continuing reduction in building fires 
and losses presents the happiest evaluation 
of the reorganized fire prevention and 
protection services of the Department and, 
in addition, morale is improved, disciplin- 
ary problems have been reduced and 
working conditions are better. 


It is customary to think of increasing 
fire department efficiency by such methods 
as improved personnel recruiting, better 
standards of officer selection, intensified 
training and drilling. The fact is that 
many, if not most, of the fire departments 
in the country today could increase’ their 
efficiency to a marked degree by a reor- 
ganization of the physical plant and re- 
constitution of the department. In fact 
any city in which station locations have 
not been surveyed in the last thirty years 
is probably inefficient in operation for this 
reason, if for no other. These observa- 
tions are based on personal experience re- 
sulting from the reorganization in my 
own Department during the past decade. 





REORGANIZING A CITY FIRE DEPARTMENT 


The PFD reorganization fell into three 
general phases: First, relocation of fire 
stations, abandonment of some old sta- 
tions and-the construction of some new 
facilities, plus the reconstitution of de- 
partmental units to eliminate those in ex- 
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cess of the number required to give ade- 
quate protection to the community. Sec- 
ond, a revision of the communication sys- 
tems to assure modern efficiency and effec- 
tive operational control. Third, more 
effective utilization of manpower. 


PROVIDENCE 
RnooE 


tStanD 
mapa ararnnee 


Hem 400 en men 


Dots on map indicate location of engine and ladder companies in Providence. The 
revised distribution reduced the number of stations from 30 to 16 and yet maintained 


adequate coverage. 
shown in the photo on Page 172. 


This map is posted over the Communications Control Panel as 
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Elimination of Stations, Companies 


The extinguishing force of the Provi- 
dence Fire Department formerly totalled 
37 engine and ladder companies. By im- 
plementing the reorganization program, 
this was reduced to 29 companies. 


Thirty stations were required in the 
past to house the 37 companies, The num- 
ber of stations has now been reduced to 
16. Thus, 8 companies and 23 old sta- 
tions have been eliminated. 


The excessive number of operating 
units had led to a fundamental ineffi- 
ciency because of undermanning of each 
company. By eliminating the 8 companies, 
84 men were available to distribute to 
other companies. Thus today, each com- 
pany responding to a fire can have five or 
six men. It seems better indeed to have 
two companies responding to an alarm, 
each with five or six men, than four com- 
panies with only two aboard each piece. 


Station locations based on horse-drawn 
days are also fundamentally inefficient. 
They should be located on main arterial 
highways and authorities selecting the lo- 
cation should take into consideration the 
fire incidence of the neighborhood. 


There should be no loss in fire protec- 
tion by such reorganizations and reloca- 
tions. Applying the National Board of 
Fire Underwriters’ distribution standards* 
before the reorganization, it was dis- 
covered that two-thirds of the city’s area 
was overlapped by the service units of two 
or more engine companies and, in the 
high value districts, the overlap was as 


*NBFU standards specify that response limits 
fer engine companies in high valued districts 
should not exceed 34 mile, 114 miles in built- 
up residential districts and 3 miles for scattered 
buildings. For ladder companies, comparable 
limits are 1, 2 and 3 miles. 
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much as eight times. The selection of sta- 
tion sites appears to be better now because 
the city is still in full compliance with 
NBFU standards and at the same time 
the revised locations are based on what 
there is to burn and what has been burn- 
ing. A statistical study of the fire record 
data over a period of years aided in select- 
ing the new station sites. 


It is recognized that in any community, 
there are individual buildings or general 
structural conditions where all the com- 
panies required for distribution might be 
needed and, perhaps, even all would not 
be sufficient. For cities over 200,000 pop- 
ulation, fire equipment distribution must 
provide for ready concentration and 
should not strip nearby areas of protec- 
tion in case of a second fire. Approxi- 
mately sixteen pumpers must be available 
within three miles of the congested value 
districts. 











The new stations built are modern, fire- 
resistive structures set back from traffic 
lanes to permit safe and prompt egress of 
equipment. The apparatus floors are open, 
free from obstructions, and designed to 
provide ample room for reserve apparatus 
which is utilized by off-duty men under a 
permanent, predetermined and systematic 
plan for reinforcing the department dur- 
ing multiple alarms or other emergencies. 
The stations are equipped with automatic 
controls for heating plants, apparatus 
doors and night lights as well as being 
protected by traffic warning signals, Many 
of the older stations were found suitable 
for continued use as company quarters 
and are reasonably well located to meet 
the particular coverage demanded by ad- 
jacent areas. For obvious economic rea- 
sons, such stations were retained. The lo- 
cations of the new stations were predi- 
cated upon the full utilization of the cov- 
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REORGANIZING A CITY FIRE DEPARTMENT 


One of the new stations built by the Providence Fire Department on North Main 


Street. 


erage provided by companies housed in 
the retained stations. 


Revision of Communications 


The new communication system has 
been placed under a newly created Divi- 


sion of Operational Control in charge of 
a Battalion Chief, designated as Chief 
Dispatcher. Any department which has 
two-way radio knows that company util- 
ization can be increased 50 or 60 per cent. 
The Providence Fire Department experi- 
ence is similar but we are making addi- 
tional use of the improved communica- 
tions in connection with our fire preven- 
tion program. 


With radio, all companies, on prear- 
ranged schedules, go on fire prevention 
inspections and respond to fires from the 
inspection sites. In setting up this proce- 
dure, the Fire Department worked with 
the Retail Board of the Chamber of Com- 
merce. Some members of the Retail Board 
were skeptical about having fire apparatus 
outside their places of business as they 
feared it might lead customers outside to 
think that there was a fire in progress or 


Note width of driveway which gives apparatus easy access to highway. 


might make those inside so concerned 
they might leave the store. This objection 
was overcome by having a large sign 
placed on the apparatus saying ‘Firemen 
Inspecting Buildings—Respond To Fire 
By Radio.” 


Shortly after the nursing home fire in 
Florida,* a special order was issued for 
the inspection of all nursing homes and 
rooming houses in the City. This required 
considerable time and as a consequence 
the mercantile inspection program went 
off schedule. As a result, the Retail Board 
called and wanted to know what hap- 
pened; several firms had called them 
wanting to know where the firemen were! 
The merchants feel that these fire preven- 
tion inspections kept their personnel on 
their toes! 


Of course, there are other benefits de- 
rived by these inspections. Firemen in the 
district become familiar with the build- 
ings, occupancy hazards, sprinkler shut- 


*See April 1953 NFPA Quarterly, pages 293 
to 300; also available in pamphlet form 
(NFPA Q46-13, 35 cents per copy). 
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offs, standpipes, electric meters and gas 
shut-offs. In the old days with one man 
inspecting and using a card system, he 
could spend his time in the boiler room. 
Now with a company officer in charge, the 
inspections are done properly and there is 
opportunity for group discussions. In 
addition, these radio inspections allow 
dwelling house inspections in the spring 
and fall. A great deal of good will is 
gained from these inspections of private 
and multiple dwellings. 


Another important phase of radio is the 
speed by which additional equipment can 
be called to a fire, and the ease with which 
companies .on response, while filling in 
or while returning from alarms, may be 
intercepted or diverted. For example, a 
situation developed last May 12th. Two 
false alarms occurred in the same area 
within minutes; one at 1:54 A.M. and the 
other at 1:57. These were handled by 
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the same companies by radio and resulted 
in the apprehension of a man in the 
neighborhood. Today with 75 per cent of 
our alarms being received by telephone or 
vocalarm, it is possible to inform com- 
panies as to whether they will have to 
contend with a cellar fire or a fire in a 
room on the 16th floor of a hotel. Usually 
a company officer responding to a box 
alarm will begin to ‘‘size up” on leaving 
the station with information furnished by 
the dispatcher. 


Utilization of Manpower 


The basic operating unit in a fire de- 
partment is the company. Undermanning 
of the individual company is a more se- 
rious deficiency than having inadequate 
total manpower on duty. There has been 
a marked increase in multiple alarms in 
many large cities. Loss figures show that 
many of these multiple alarms should not 


A radio-equipped unit of the Providence Fire Department during an inspection of the 
Shepard department store. The sign on the side of the truck was provided to assure 


customers that there was no fire in the 


roperty being inspected. 
had a very favorable public relations effect in the community. 


Such publicity has 
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have occurred. There is only one explana- 
tion. Individual companies have been so 
undermanned that the chief officers sound 
additional alarms, not for equipment but 
for manpower. This general underman- 
ning of fire departments has come about 
gradually. It has been due primarily to 
granting firemen additional time off. Will 
a city feel the expense of a fire force 
which has only one-quarter of its man- 
power on duty? Will this reduced force 
be adequate for fires of unusual magni- 
tude? There is much wishful thinking 
that the large fire will not occur. No spe- 
cial attention is being paid to the fact that 
this undermanning is today making it nec- 
essary to send in many multiple alarms 
which proper company manning would 
avoid. 


Evaluating Manpower Needs 


There can be little question that there 
must be fully manned companies in high 
value districts to give adequate manpower 
to advance 21/,-inch lines to upper floors. 
It appears that approximately one out of 
about every three hundred fires is a se- 
rious one. This is usually the result of de- 
layed discovery or a flash fire. About 95 
per cent of all fires are handled with ex- 
tinguishers or one water stream. In deter- 
mining equipment and manning needs 
two factors must be considered: (1) The 
greatest demand for men and equipment 
that might be needed at any one time, and 
(2) the minimum number of companies 
that must be distributed through the city 
in order to insure an adequate first alarm 
response. In Providence, by reducing the 
number of companies and yet retaining 
the equipment as reserve, we have the 
same amount of equipment as before. By 
utilizing the recall system, we have a large 
teservoir of manpower. 
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The new response system provides that 
for any response up to and including a 
third alarm, units still remain in each sec- 
tion of the city. This is accomplished 
through bypassing certain intermediate 
companies. This new response system is 
called the “block plan” and has elimi- 
nated the so-called “slow company” and 
has spread the work load more evenly. On 
first alarm box assignments in perimeter 
and residential areas, responses have been 
reduced from three engines to two en- 
gines, one ladder, one Battalion Chief. 
For still alarms on building fires, re- 
sponses have been increased from one 
company to two engines, one ladder and a 
Battalion Chief. 


On second alarms, the nearest company 
is the first company to respond. Then we 
reach out for the second and third due 
company. On the third alarm the same 
procedure applies. This system requires 
no relocation of companies. Companies 
are dispatched separately and may by-pass 
other companies which are held so that 
they can run in either direction if needed. 
In the high value district, one company is 
held in every station up to and including a 
third alarm. On third alarms, off duty 
men start returning to stations according 
to prearranged plans. We have fourteen 
reserve engine companies completely 


equipped, ready to roll. 


To assist the dispatcher, we have a large 
map equipped with red, green, and yellow 
lights. The map shows the status of every 
company in the city and provides a com- 
plete picture of the deployment of the 
fire-force at any time. For any further 
alarms, he can select the required com- 
panies. 


Usually, on multiple alarm operations, 
proportionately as many ladder trucks as 
engine companies are left in service. 
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The central despatch desk at fire alarm headquarters in Providence controls the 


movement of all companies. 


When the alarm is received a tone signal is used to alert 


companies which are despatched by vocal instructions confirmed by coded signals. 


Lights on the map show companies which are in quarters. 


The dictaphone machine 


records all messages including telephone alarms. 


Therefore, when there is reserve engine 
apparatus, it is our practice to assign one 
man from the ladder truck to the reserve 
engine. If there are five ladder trucks in 
quarters, a double company is provided 
consisting of an engine and ladder truck 
to respond with five or six men to handle 
both trucks until such time as off duty 
men respond to handle the reserve engine. 

It has been our experience that within 
thirty minutes to one hour we can have 
fourteen reserve pumpers and five reserve 
ladder trucks in service with off duty per- 
sonnel. As a matter of fact. we are in 
much better condition under this multiple 
alarm situation than under normal operat- 
ing conditions when there are three or 
four single alarms at the same time. 





We created another district, thereby 
lessening coverage for each Battalion 
Chief so that we have a ‘white coat” on 
the job immediately to direct activities. 
Without leaving his car he can radio for 
more help or intercept companies. 

With the gradual increase in “time 
off,” there was a general acceptance that 
there must be an increase in the total 
number of men to provide adequate man- 
ning of individual companies. However, 
with the reduced work week there is a re- 
serve force of trained officers and men 
three times larger than the force on duty. 





Epiror’s Note: Since May 1954 increased 
efficiency of fire companies has resulted in 
eliminating several additional companies and 
further reducing the working hours for firemen. 
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Combating Fires Involving Radioisotopes 
George G. Manov 


U. S. Atomic Energy Commission 


Much has been said about the hazards 
of handling radioactive materials and 
about the radiation burns and (possible) 
fatalities that might result because of con- 
flagrations involving radioactive materi- 
als. The purpose of this discussion is to 
attempt to set some of these hazards in 
true perspective, 


It should not be necessary to remind 
that radioisotopes in themselves are not 
combustible nor do they give rise to fires 
because of their radioactivity. For ex- 
ample, radioactive benzene has exactly the 
same combustible properties as normal 
benzene. Radioactive carbon tetrachlo- 
ride has the same fire extinguishing prop- 
erties as does ordinary carbon tetra- 
chloride. 


The excellent safety record in the 
Atomic Energy Commission installations 
and in approximately 3,000 off-Commis- 
sion laboratories using radioisotopes on a 
smaller scale attests to the fact that radio- 
active materials, like electricity, toxic 
chemicals and explosives, can be handled 
safely if appropriate precautions are em- 
ployed. Indeed, in many respects, the 
handling of radioisotopes can be made 
less dangerous than the handling of such 
other materials. 


It is true, on the other hand, that fight- 
ing fires in locations in which radioiso- 
topes are stored or are being used may 


The information in this paper was prepared 
by Dr. Manov for a conference, December 9, 
1953, sponsored by the Safety and Fire Pro- 
tection Branch, D. F. Hayes, Chief, for fire 
Protection engineers of AEC offices. 


present some hazards not normally en- 
countered in the conventional type of 
fire. In evaluating a particular situation, 
one must consider the quantity of radio- 
activity involved in relation to the method 
in which it is stored or used. Medical, 
academic and industrial laboratories use 
radioisotopes in amounts which are many 
times less than those used in AEC instal- 
lations. Thus, the precautionary meas- 
ures necessary for an AEC and a non- 
AEC facility will vary widely. 


Recognition of Radiation Hazards 


Artificially produced radioactive mate- 
rials distributed under the AEC Radioiso- 
tope Program cannot be purchased over 
the counter or traded back and forth as 
with normal commodities, and they are 
obtainable only upon application to the 
AEC. Requirements for obtaining such 
materials involve obtaining appropriate 
training and experience on the part of the 
investigator, the possession of adequate 
sutvey and monitoring instruments, etc.? 


Placards are furnished with shipments 
of radioactive materials and must be dis- 
played prominently in the area where the 
isotopes are used. These placards are in 
the form of yellow background on which 
there is a magenta propellor-type insignia 
as shown in Figure 1. Appropriate warn- 
ings in large letters appear on the yellow 
background and a space is provided on 


1 Radioisotopes can be purchased from sec- 
ondary suppliers but the AEC requirements 
above must be met before the sale can be 
authorized by the AEC. 
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which to indicate the kind of isotope, the 
approximate level of radiation, and the 
name and address of the radiation safety 
officer to be notified in case of trouble. 


The AEC distributes lists of its radio- 
isotope users to the agency responsible for 
health and safety in each state. These 
lists contain the name and address of the 
isotope user, together with the quantity 
and kind of material shipped. While 
these lists are not intended for general 
distribution, they may be reproduced by 
the state agency for the proper conduct of 
its business. It would be worthwhile for 
fire department heads to become familiar, 
through the appropriate state agency, 
with the location of large sources of ra- 


diation. This practice is identical to in- 
dicating on a city map, for example, the 
presence of large quantities of gasoline 
or other flammable liquids. If fire breaks 
out in a laboratory in which radioisotopes 
are or may be involved, the fireman sel- 
dom, if ever, encounters the situation 
“blind.” Previous knowledge of the 
major locations of radioisotopes in his 
area and the presence of the yellow warn- 
ing sign should tell him of the existence 
and the magnitude of possible hazards. 


2 Because the AEC has no_ jurisdiction 
over naturally-occurring radioactive materials, 
such as polonium, radium, etc., the location 
of such materials should be obtained from the 
cognizant state group, for example, the Bu- 
reau of Industrial Hygiene or its equivalent. 
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Wherever a situation is likely to exist 
in which firemen may be called upon to 
enter a building containing large quanti- 
ties of radioactivity, it is not inconceiv- 
able that such firemen should be equipped 
with radiation-detection film badges and 
preferably a radiation measuring instru- 
ment of some type (see Reference 1 at end 
of this article). As the Civil Defense 
program grows, perhaps more and more 
fire stations will be equipped with such 
instruments, 


Principles of Protection 


Radioactive atoms are “brothers” of 
ordinary atoms with the difference that 
the former give off atomic radiation.* 

Differentiation of the radiation hazard 
involved should be made along two lines: 
(a) that which falls upon the body from 
the outside or upon a smaller portion of 
it, and (b) that which occurs from with- 
in the body, as when radioactive material 
is accidentally ingested. Basically, there- 
fore, one needs protection against (a) ex- 
ternal and (b) internal radiation. 


Protection against external radiation is 
obtained by reducing as much as possible 
the guantity of radioisotopes used, by 
maintaining a suitable distance from the 
source and by remaining in the radiation 
area for as short a time as possible. Pro- 
tection against internal radiation can be 
effected by the suitable use of respirators 
containing especially prepared cellulose- 
asbestos filter pads* or by using selfcon- 
tained breathing apparatus. 


Protection from External Radiation 


External protection from the radiation 
hazard from isotopes that emit alpha, beta 
and/or gamma radiation is essentially 
limited to a problem of protection against 
gamma radiation, because the alpha and 








COMBATING FIRES INVOLVING RADIOISOTOPES 


175 





beta components can be screened out with 
a rather small thickness of protective ma- 
terial. 

The accepted permissible limit for 
whole body exposure to gamma radiation, 
as set by the National Committee on Ra- 
diation Protection (see Reference 2, 3), is 
300 mr® in any week. The time required 


3 Four types of radiation may be involved: 
alpha, beta, gamma, and neutron. Alpha radi- 
ations (ionized helium atoms) are stopped by 
a thickness or two of paper. Beta radiations 
(high speed electrons) are more penetrating 
and they may require up to as much as one- 
half inch of plastic or other light shielding 
to stop them completely. Gamma (electro- 
magnetic) radiations are much more penetrat- 
ing and generally require the use of lead or 
concrete shielding, the quantity needed depend- 
ing upon the intensity of the radiation ini- 
tially present. Neutrons penetrate most mat- 
ter, but are absorbed readily by water and by 
certain metals. 


4 These respirator pads are available 
commercially from the Mine Safety Appliances 
Company, Arthur D. Little Company, Cam- 
ridge Corporation, and elsewhere, under the 
generic name “‘absolute filter.” 


5 Radiation dosage is measured ia units 
known as roentgens. Since this unit is quite 
large, a smaller unit known as a milliroentgen 
(mr) is commonly used. 1,000 mr = 1 
roentgen. The 300 mr/week limit set by the 
National Committee for Radiation Protection 
was adopted by Federal Civil Defense Admin- 
istration (see Reference 4) for training 
activities. In an emergency, FCDA states that 
aoe of 25 R (25,000 mr) per day at 
weekly or longer intervals for a total of 8 
exposures, 200 R (200,000 mr) may be ex- 
perienced without loss of efficiency . . .” 


6 The unit used for measuring the quan- 
tity of radioactivity is known as a curie. A 
curie of an isotope is that amount which will 
emit radiation at the same rate as 1 gram (one- 
twenty-eighth of an ounce) of radium. While 
most isotope sales to date have involved milli- 
curie (mc) or microcurie amounts, a few 
shipments involving as much as 1,000 curies 
have been made (1 curie = 1,000 mc = 
1,000,000 microcuries). The actual weight of 
radioisotopes in individual shipments is gen- 
erally a very small fraction of an ounce. 


7 The energy with which radiations are 
emitted by individual isotopes may be found 
in many reference books such as NUCLEAR 
DATA, National Bureau of Standards Hand- 
book No. 499. Radiation energy is measured 
in units of million electron volts (MEV). 
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to receive a 300-mr radiation dosage 
during a single exposure to an unshielded 
radioisotope emitting gamma radiation 
may be computed from the formula: 


re 50 d? 

(mc) x MEV 

where T = Time in hours required to receive 

a 300-mr dosage from an un- 

shielded gamma emitting radio- 
isotope. 

mc = Quantity of radioisotope in milli- 
curies® 


MEV = Energy of gamma radiation in 


million electron volts? 


d = Distance in feet between un- 
shielded radioisotope and person 
receiving radiation exposure 


Example: Cesium-137, an isotope present- 
ly used for radiography of metal castings, has 
a gamma ray energy of 0.6 MEV. How long 
would it take each of two people, 1 foot and 
5 feet away, respectively, from a 100-mc quan- 
tity of unshielded cesium-137 source to re- 
ceive 300 mr (the maximum permissible dosage 
during any single week) ? 


(a) At 1 foot from an unshielded 100 mc 
source of cesium-137: 


De ae a . 
100% 06 ~ 60 ~ 0-84 hours (or 50 min.) 


(b) At 5 feet from an unshielded 100 mc 
source of cesium-137: 


5 ees 
— ee 


The simplest method of protection is 
to maintain distance between the source 
and the person. It is known that doubling 
the distance between the source and the 
recipient reduces the radiation intensity 
received to one-quarter of the previous 
value; tripling it reduces it to one-ninth, 
etc. Therefore, if one maintains a 10- 
foot distance between the source and the 
recipient, the radiation received by the 
body will be one-hundredth that of the 


"See page 175. 
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person initially standing only 1 foo 
away. 

The second method of reducing ex. 
posure to radiation is to use suitable 
shielding. For this purpose lead, con. 
crete, etc., are commonly applied. Source: 
larger than a few millicuries which emi 
gamma radiation are generally stored ir 
lead or concrete vaults with thicknesse: 
sufficient to reduce the radiation intensity 
to a permissible value. 

Generally speaking, therefore, the haz. 
ard of obtaining an intense internal radi. 
ation burn from a source of radioisotope: 
is rather small. Modern lead storage 
containers are designed to incorporate an 
outer steel container surrounding the lead 
shielding. The possibility of standard. 
izing suitable types of shipping contain. 
ers affording increased resistance to fire 
exposure is currently being considered. 


Larger units of radioactivity such as 
sealed teletherapy sources may have as 
much as 1,000 curies or more of radioco- 
balt or radiocesium properly shielded te 
reduce the radiation to a permissible 
value. These devices are required to be 
installed in concrete rooms that are fire 
resistant, except possibly for an examin- 
ing table on which the patient may re- 
cline. The possibility of obtaining ex- 
cessive radiation exposure here appears 
to be rather low, but once again the fire- 
man should adequately inform himself 
of the existence of such potential hazards, 


Of somewhat more concern, however, 
would be fires involving laboratories or 
installations not using sealed sources, for 
example, manufacturers of Strontium-90 
markers, etc. Once more, firemen should 
have received ample warning in the form 
of radiation-safety signs (see Figure 1) 
and in the knowledge of the location of 
such materials. Satisfactory respirators 
are available, as previously indicated. 
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HAZARD FROM ABSORPTION INTO THE BODY 
Selected radioisotopes grouped according to relative radiotoxicity, with the 
amounts considered as low, intermediate, or high level, in laboratory practice. 
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ACTIVITY TO BE HANDLED IN LABORATORY 
NOTES 
Effective radiotoxicity is obtained from a weighting of the following factors: 


Half-life. 


Energy and character of radiations. 

Degree of selective localization in the body. 

Rates of elimination, 

Quantities involved and modes of handling in typical experiments. 


The slant boundaries between levels indicate border-line zones, and emphasize 
that there is no sharp transition between the levels and the associated protection 
techniques. 


The principal gamma-emitters are indicated by asterisk (e. g., *Na2*). The 
above level system does not apply to the hazards of external irradiation. 


Figure 2. 


the physical half-life and the time taken 
to eliminate or excrete half the radioiso- 
tope from the body), and the kind of 
radiation emitted (alpha, beta, gamma), 
the energy of the radiation in MEV, and 


Protection from Internal Radiation 
ywever, 
ries or 
ces, for 
ium-90 


Radioisotopes ingested into the body 
May present a more serious hazard. In 
Figure 2 is a listing of radioisotopes in 


should 
ie form 
ure 1) 
tion of 
pirators 
ted. 


the order of the hazard they present from 


ingestion. The hazard from any par- 
ticular isotope is evaluated on the basis of 
its physical half-life (time to decay natu- 
rally to one-half the original activity), the 
biological half-life (the combination of 


the degree of localization, if any, of the 
radioisotope within a given tissue or 
organ. In examining Figure 2, we see, 
for example, that sodium-24 is listed in 
the category of “slight hazard,” even 
though it is a very powerful beta and 
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gamma emitter. On the other hand, it 
has a short half-life (14 hours), it does 
not localize within the body and is rapidly 
excreted. Conversely, Strontium-90 emits 
only beta radiations, but tends to segre- 
gate in the bones and in the blood-form- 
ing organs. The rate of excretion is 
rather small and the physical half-life of 
the material is about 25 years. Thus, 
other things being equal, it would be 
more hazardous to combat a fire in which 
the same quantity of strontium, rather 
than sodium-24, was involved. Again, 
quantity of material present in the labora- 
tory and the type of container in which 
it is stored will determine the relative 
degree of hazard. 


Firemen who have been exposed to 
possible radioactive dust, in case of a 
severe fire involving large quantities of 
radioactive materials, should take the ele- 
mentary precaution of monitoring their 
outer clothing and taking nose swabs, 
etc., before returning to inactive duty. 
Particular attention should be given to 
monitoring the hair, fingernails, nose, 
wrists and ankles, as well as fire fighting 
equipment such as hose, hand tools, and 
extinguishers. A quick examination with 
a Geiger or other counter will reveal the 
presence of such contamination. Decon- 
tamination procedures ate available and 
have been published by the National 
Committee on Radiation Protection (see 
Reference 6). 


Maximum Permissible Doses 


The maximum permissible external 
whole body radiation dose has been set at 
300 mr/week (Reference 2, 3) on the 
basis of recurring, continuous exposure 
throughout the year. On the other hand, 
the body is a machine enormously capable 
of self-rejuvenation, and it is possible to 
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receive many times this weekly dose in 
single event without irreversible harm t 
the tissue. Recent thinking on the sul 
ject indicates that it may be of the orde 
of 15 to 25 roentgens (15,000 to 25,00 
mr) at a single time. Such a maximut 
permissible single dose is presently bein 
considered by the Federal Civil Defen: 
Administration for rescue workers (sé 
Reference 4). This dose would co 
respond to a fireman standing 1 foot awa 
from an unshielded 5 curie source ¢ 
Cs-137 for 1 hour. The probability oa 
one obtaining a dose of this magnitud 
is rather small in normal firefighting. I 
addition, if the source were covered b 
bricks and debris, the radiation intensit 
will be reduced to the extent of the radia 
tion absorbed by such covering. 


Shipment of Radioisotopes 


Several years ago, the Interstate Com 
merce Commission began to investigat 
the problem of shipping radioactive mate 
rials by common carriers. The aid of th 
National Research Council (see Refet 
ence 5) was enlisted and a suitable com 
mittee was set up to make recommenda 
tions. Today, radioisotopes are bein, 
transported on all the major airlines, o: 
passenger trains, railway express trucks 
etc. 


The sensitivity of a photographic emul 
sion to radiation is many times that o 
human tissue, and a given amount o 
radiation will appreciably fog a film lon; 
before that same quantity of radiatior 
will have any effect on the human body 
This fortunate situation means that, i 
the packages containing radioisotopes ar 
stored or shipped so that the radiatiot 
intensity is not enough to fog film, th 
passengers and the crew of the carrier wil 
not be harmed. ICC regulations limit th 
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radiation intensity at the outside of the 
package to 10 mr/hour at 1 meter, pre- 
scribe the minimum size for such pack- 
ages, and specify the allowable segrega- 
tion and the type of enclosures to be em- 
ployed. 


Probability of Fire Departments 
Encountering Radioisotope 


Hazards 


From data detailed in Appendix 4 of 
the AEC report entitled “Major Activi- 
ties in the Atomic Energy Programs,” 
July-Dec. 1953, it will be noted that: 


(1) AEC made 42,749 shipments of 
radioisotopes from 1946 through 1953. 


(2) Present radioisotope 
approximate 1,000 per month. 


shipments 


(3) The 1,858 individual radioiso- 
tope users up through 1953 may be classi- 
fied as follows: 

Type of User Number 
Industrial 774 41.6 
Medical 627 33.7 
Colleges 198 10.7 
Federal and State 198 10.7 
Institutions 47 2.5 
Other 14 0.8 

Total 1,858 100.0% 

(4) About 55 percent of all of the 
radioisotope users up through 1953 were 
located in the following seven states: 
New York (12.9%); California 
(11.8%); Pennsylvania (7.7%); Ohio 
(6.2%); Illinois (5.9%); Massachu- 

setts (5.7%); and Texas (5.2%). 

(5) Radioisotopes involved in the 
10,676 AEC shipments made during 1953 
alone are listed in the accompznying 
table. 


Percent 


AEC RADIOISOTOPE SHIPMENTS 1953 


Number of 
Shipments 


Radioisotope 
Iodine 131 4,559 
Phosphorus 32 2,316 


Carbon 14 260 2.4 


42.8 
21.7 


Sodium 24 338 3.2 
Sulphur 35 1.9 
Gold 198 5.1 
Calcium 45 1.0 
Iron 55 1.3 
Cobalt 60 190 1.8 
Potassium 42 7 1.6 
Strontium 89, 90 90 8 


Other 1,754 16.4 


Total 10,676 100.0 


% of Total 
Shipments 


Maximum 
Gamma Energy 


.72 MEV 


None 


Half-Life 
8 days 
14.3 days 
5,720 years 
14.9 hours 
87.1 days None 
2.7 days All 
152 days 


None 
2.76 


None 


2.9 years None 


1.33 
12.4 hours 1.51 


53 days 
and None 
25 ‘years 


5.3 years 


NOTE: Half-life and maximum gamma energy figures are from sources other than the 
. 1953 report mentioned. All listed radioisotopes (except iron 55) also emit 


ta radiation. 
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(6) During 1953, one or more AEC 
radioisotope shipments were made to 
every state in this country. 


The above data have been presented in 
some detail to substantiate several points 
that are of particular interest to firemen, 
namely: 


(1) Since there were only 1,858 iso- 
tope users in the United States and its 
possessions during 1953 — an average of 
under 40 users per state—it is obvious 
that only very few of the municipal fire 
departments in any state have any current 
problems involving radioisotopes. 


(2) Over 83 percent of the radioiso- 
tope users during 1953 were engaged in 
medical or industrial work. Nearly two- 
thirds of the shipments involved iodine 
131 or phosphorus 32 (both of which 
were shipped in the form of nonflam- 
mable chemical compounds). 


(3) Based on previous trends, in- 
creased use of radioisotopes, particularly 
in industrial fields, may reasonably be 
anticipated in the future. Most of these 
probably will be in the form of sealed 
sources. 


Summary 


Radioisotopes may present an added 
hazard during firefighting, but not be- 
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cause of any inherently new prop 
such as increased combustibility, etc. 

general, the hazards to firefighters \ 
not be increased appreciably because 
radioactivity, although one must | 
upon radioactivity as one more hazard 
a normally hazardous business, There 
warning signs to help the fireman loc 
radioactive materials, instruments 

detecting radiation, protective devices 
his use, and decontamination measv 
where necessary (see Reference 6). 
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There were approximately 1,899,400 
fires of all types in the United States in 
1953, causing a loss of $1,021,720,000. 
According to estimates compiled by the 
National Fire Protection Association, the 
year 1953 was the fifth successive year in 
which the United States experienced an 
increase in fire loss. 

Building fires in the United States in 
1953 totalled 727,000 and caused $889,- 
120,000 damage. An additional 1,172,- 
400 fires not involving buildings — air- 
craft, motor vehicles, forest, ships, rub- 
bish, grass fires, etc.—accounted for an 
estimated $132,600,000. Building fire 
estimates for 1952, reported in the Octo- 
ber 1953 Quarterly, showed 703,000 fires 
with a loss of $793,500,000. 

It is interesting to note that the number 
of building fires for 1953 has increased 
3.4 per cent over 1952 figures, while the 
loss of 1953 is 12 per cent more than the 
previous year. The General Motors fire 
at Livonia, Michigan, August 12, 1953, 
accounted for almost one half of this in- 
crease. Preliminary estimates by the 
National Board of Fire Underwriters for 
the first eight months of 1954 indicated 
a decrease of approximately 1.8 per cent 
from the same period of 1953. 

The data from which Tables I to IV 
were compiled were obtained from 20 
state fire marshals’ reports for the year 
1953 or the closest fiscal year thereto. 
The gradual increase in the number of 
states that submit Annual Reports is 
gratifying. This year the Delaware State 
Fire Marshal submitted the first Annual 
Report of fire experience for his state. 

The 20 state reports used in this tab- 
ulation were chosen because they con- 
tained the most complete classifications 
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of cause and occupancy data. While the 
methods of reporting and tabulating fire 
loss figures differ from state to state, the 
volume of statistics from these 20 typical 
states representing all sections of the 
country, and including both primarily 
agricultural and industrial states, is suffi- 
ciently large to indicate the relative dis- 
tribution of fires and fire losses. Table 
I shows the number of fires by occupancy 
in 16 states and Table II the loss by occu- 
pancy in 14 states. Tables III and IV list 
the number of fires and loss by cause in 
17 and 14 states respectively. Table V 
summarizes state statistics used in com- 
piling Tables I to IV. 


Tables VI and VII, showing the na- 
tion-wide distribution of fires and losses 
by occupancy and cause, are based pri- 
marily on typical state experience enu- 
merated in Tables I to IV. 


Among the notable changes in 1953 
experience (as compared with 1952) 
were a 5.8 per cent increase in the num- 
ber of dwelling fires, a 25 per cent in- 
crease in the number of fires in barns, 
a 10.5 per cent decrease in the number of 
warehouse fires, a 6.3 per cent decrease 
in the number of automobile fires, and an 
18 per cent decrease in the number of 
forest fires. The number of fires caused 
by defective or overheated chimneys and 
flues decreased 22 per cent. 


Various sources have furnished figures 
for certain items in Table VI. Railroad 
losses were furnished by the Association 
of American Railroads, Fire Protection 
and Insurance Section. Statistics on air- 
craft fires were compiled by the NFPA 
Committee on Aviation and Airport Fire 


(Continued on Page 186) 
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Protection. Motor vehicle data are based 
on a recent survey of 574 U. S. cities 
(Fire Record of Cities, April, 1954 
Quarterly). The estimate of the number 
of forest fires was taken from the annual 
summary of forest fire statistics, compiled 
by the Forest Service of the U. S. Depart- 
ment of Agriculture. 

As will be seen in Table V, the 20 
states with a population of 53,273,850 
reported a total of 174,649 fires. Ex- 
perience: indicates that this is somewhat 
under half the actual number of fires in 
these states. Some states, for example, 
do not report fires with uninsured losses, 
others report only fires with losses in ex- 
cess of $50. To obtain a more accurate 
estimate of the number of fires in these 
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20 states, 100 per cent is added. Ma 
use of this figure and the population r. 
the number of building fires for the 
tion has been calculated. 

To obtain the estimated national 
loss by occupancy, the population 1 
was applied to the loss of the repor 
states. To account for losses not repo 
through the usual channels, 33 1/3 
cent was added as in the previous yé 
Further adjustment was necessary i 
few instances because of unusually |. 
property damage in individual fires. 

The procedure for determining 
number of fires and amounts of loss 
tributed to various causes (Table V 
was similar to that used to estimate o 
pancy experience. 





Table V. Fires per 1000 Population and Fire Loss per Person fo 
Twenty States, 1953, as Reported by Fire Marshals 
Population No. of Fires per Fire | 
State 1950 Census Fires 1000 Pop. Fire Loss per P. 
COpnecticat 5.56.2. cisecccss) -LaeeeOn 2,811 1.41 $ 6,636,788 $3. 
SUE Eo ons es de eae 318,085 3,736 11.72 1,846,728 = 
NM os. a said ocr ae cards ats 2,612,598 4,487 L272 10,234,546 Je 
eee gE ae, i Wor aromas ens ee 1,894,390 2,955 1.56 7,585,079 4. 
Kentucky?............... 2,944,806 6,608 2.24 16,302,384 5. 
ere 2,667,022 5,829 2.18 9,135,309 a 
Ere ee ee 913,774 oi ey 1,201,808 1. 
BOR. ov cccicncoenees 6,308,794 65,666 10.40 78,126,592 12. 
Minnesota...........++++ 2,982,483 2,946 0.98 11,636,798 5: 
PURI ANIE Etec eae ws-<.0 ches 1,318,079 1,805 37 $133,137 J 
New Hampshire.......... 592,880 1,316 Diak 3,714,971 6. 
North Carolina®. ......... 4,061,929 2,018 0.50 12,507,900 ae 
North Dakota?*.......... 619,636 1,430 2.33 2,380,079 Si 
PNG pack 5 oie 5 she dd pare leses 7,946,627 15,861 1.99 32,762,476 4. 
CBI hc wan bob ce iween 1,521,341 13,986 9.18 10,697,269 7. 
Rhode Island®............ 791,896 2,290 Bee oP eae ae tices * 
South Dakota‘........... 652,740 1,221 1.87 2,765,912 4. 
So Eee . 7,711,194 ane alice 38,021,655 4. 
West Vaginin®. . ...5 2050. 1,999,097 1,084 0.54 6,284,305 a 
WROD. 5 v6 bee o Bake He 3,421,316 38,600 10.51 18,598,097 aa 
a ae 53,273,850 174,649 3.92 $275,571,833 5. 


a. Includes one fire with estimated $45,000,000 loss. 


1 Fiscal year ended June 30, 1954. 


2 Insured losses only. 
No losses less than $25. 


4 Fiscal year ended June 30, 1953. 
5 Fiscal year ended Sept. 30, 1953. 
6 No losses less than $50. 
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Making Table VI. Estimated Distribution of U.S. Fire Losses by Occupancies, 1953 


tion ratio, 
These estimated figures are intended to show the relative order of magnitude of fire losses by occupan- 


x the na- cies, and while they are reasonable approximations based on the experience in typical states, they should 
not be taken as exact records Sor each class. As explained in the text, 100 per cent has been added in esti- 
ional fire mating the number of fires, and 331% per cent has been added to the "losses to cover unreported losses. 
Hon ratio No. of Fires Losses 
reporting I. Pusiic Buiipines 
t reported Government buildings. ............... 1,200 $3,930,000 
Hospitals, institutions. ............... 1,600 1,790,000 
31/3 per Schools and colleges. ©... . 50.050 c0ces. 4,200 22,000,000 
ous years. ONOIC RES 5ce5 a ys maid 3,300 12,400,000 
rs Theatres, including motion 1 pictures. Leas 1,500 4,490,000 
sary in a Amusement, halls..................-. 3,200 5, 10,150,000 $54,760,000 
ally large 
wih II. ReEsIDENTIAL 
i Hotels. ..... SJcacoktun heekoe 8,800,000 
ining the Boarding and roc ming ; houses.......... 9,000 7,500,000 
xf loss at- Apartments. baw lat asta ed a diiers ole neoraaece 35,700 15,300,000 
llings Ceeendcuwecwes = See 480,800 218,0C0,000 
able VII) aoe ’ 
nate occu- III. MERCANTILE 
WUMEONS WAMIMRY occttiyie © iv nwes OF co eaten 9,600 13,240,000 
Restaurants, taverns................. 17,700 23,500,000 
Miscellaneous mercantiles............. 38,300 105,000,000 
NEATEHOMSED oi Ginciccas Gane celeatbcn ees» ; 72,3 39,600,000 181,340,000 
IV. MANUFACTURING 
UE CMIMNMIONE of ranks bro wie co Sb 56S wee eo ws 73,885 ,000* 
f Woodworkers Z 21,400,000 
on tor Sarath Se. CIOVACOIS «oo... cede cece. 26,800,000 


DR ROCUNOTIME Do oid yw ccnp ogee ease es 7,000,000 
MRINE, OTT a soo Own i ties $ wath emcees 2,650,000 
eM WOPMIIG. os wicin ohaes secwes sas 6,940,000 
inti 2,320,000 

er Person PHINCING. «06... sececsseceseeeessnees 2,320, 
$3.33 Laundries 2,100,000 
: Cleaners; tailors 2,780,000 


ere Miscellaneous manufacturing. ......... 36 70,500,000 216,375,000 


4.01 V. MiscELLANEOUS 
NM. cal's, org! 5:0 a ana tee Wh wr ccc os i 56,000,000 
Outbuildings....... se sg ar a ecsue tees,” 9,000,000 
Lumber and coal yards. Enka dh siete ore } 11,500,000 
Piers, including shipy Ree ; 10,800,000 
Railroad property, inc. rolling stock. ... 80 11,845,000 
Bulk oil storage, refineries Deed Ar en Rts 13,980,000 
SN «ns cin s'sintaickie sh whar re owes 25,840,000 
Filling stations..... Se racden at sere 3,000,000 
Power plants, pump. Mabie <2 hasan 4,600,000 
Creameries and dairies................ : 3,780,000 
Miscellaneous structures.........--.-- 7 36,700,000 187,045,000 


Torat (Buitpinc Fires) 727, $889,120,000 


Fire Loss 


VI. Orner THAN Bul.pinc Fires 
Aircraft. peeled othe ea es etter ot 250 55,000,000 
MIE Wen c'. ois nciks a's odes «soc oo 12,300,000 
Forest fires. . Pe Sram ang edieies 53,500,000 
Rubbish, grass, ; brush. . 
MMII, c2505 55.405 Ike Oesaeaes a. Re 00C 1,172,400 132,600,000 


Granp Tora 1,899,400 $1,021,720,000 


* Includes one metalworking plant fire causing $45,000,000 loss. 
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Table VII. 
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Estimated U. S. Building Fire Losses by Causes, 1953 


These estimated figures are intended to show the relative order of magnitude of fire losses by cat 
and while they are reasonable approximations based on the experience in typical states, they shoul 


be taken as exact records for each class. 


No. of Fires Loss: 
Chimneys, flues — defective or overheated...................+-+-+-.- 30,000 $22,000 
Sparks on roof... ... onion 13,400 9,600 
Defective or overheated heating and cooking equipment - — 
Oil-fired equipment. . ace Be ace ae din aera sakes ee Lele ie Rawal 30,900 
ERT INET I EES: REELED 5,600 6,100 
REL AAMT ooo ie igre sc OSS 2N oe L ees ae hres weaaea ob: ne 38,500. 
RED AORMIOMMIBEMNOWE S665 oc ccc k ce esnaiececswensctaseeteeecee, SOM 12,000 
aE CR IT EAU ose na pisi's 85 9c oa See o's d Rawls amie ore oe eg aiee Noles 9,000 8,270 
Open lights, flames, ete Bas Senn nein waka beer ee snake eats 25,500 18,000. 
Hot ashes, coals. sae Sepia 12,800 10,700 
Smoking and matches. . 119,000 65,000. 
Children and matches. . i 25,000 12,800. 
Electrical, fixed services, fires due t to misuse, ., faulty wiring, equipment. 57,000 80,400 
Electric: al, power consuming appliances... ... . 31,400 16,800 
Flammable liquids, misuse of including vapor explosions, grease, ti ar, ‘ete. 35,500 36,600 
Flammable liquid appliances, inc’l. lamps, blow torches, salamanders, etc. 4,900 2,740. 
Torches, welding and cutting. <cemee 4,500 52,250, 
Gas and appliances, including gas explosions. . 9,500 13,000, 
renemeggay eae ‘ 23,000 37,610, 
Lightning. . 40,000 36 °620, 
Thawing pipes. Sea's 2,300 2;780, 
Sparks from mz achinery, friction. 2,900 3,700, 
Incendiary, IL Ran RRR ee EASE BABIN IS 8 7,500 21,600, 
a Salle RRA SRS le eC tram ea es 8 34,500 18,550, 
Unknown. 72,000 278,600, 
east "miscellaneous and unclassified. . 10,200 23,400, 
Exposure. . 18,000 30,600, 
SUMAN tc cee ns Ar ae ed od ec NGO OEE ce Rees EES METRES ARR S sa dato $889,120. 


* Includes one cutting torch fire causing $45,000,000 loss. 
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Controlled Componies of 
AMERICAN DISTRICT TELEGRAPH COMPANY 
A NATIONWIDE ORGANIZATION 
Executive Offices 
155 Sixth Avenue, New York 13, N. Y. 


THERMAC COMPANY 
protects its property CZzomazically.... 


gets better Fl RE and BU RG LARY 


PROTECTION and 


The complete automatic protection supplied our company by 
ADT Services has proved more effective in safeguarding our 
er methods. In 


Treasurer, Thermac Company 


After trying other methods of safeguarding their premises, 
the Thermac Company, a Los Angeles concern specializing 
in general machine work and manufacture of gas furnace 
shut-off valves, found that they could get better protection 
at lower cost by a combination of ADT Automatic Fire 
Alarm and ADT Burglar Alarm Services. 


The satisfaction with ADT Central Station Protection 
Services, expressed in Mr. Turner’s endorsement, reflects 
the opinion of hundreds of business executives throughout 
the country, who are saving money while obtaining greater 
security against fire, burglary and other hazards, by means 
of appropriate combinations of ADT Burglar Alarm, Auto- 
matic Fire Protection, and Automatic Heating and Indus- 
trial Process Supervisory Services. 


An ADT specialist will show you how a combination of 
engineered services can protect your property. Call our 
Commercial Department if we are listed in your phone 
book; or write to our Executive Offices. 
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We engineer, design and manufacture: 
Interior Fire Alarm Signaling Systems. 


Automatic Heat Actuated Fire Alarm Signal- 
ing Systems. 


Standpipe Fire Line Control and Signaling 
Systems. 


Central Office Systems for Manual Fire, Auto- 
matic Heat Actuated Fire Alarm Systems, 
Sprinkler Alarm and Supervision, Watch 
Patrol Recording and Kindred Systems. 


Supervisory Systems for Detecting Excessive 
Heat, Pressure and Low Voltage in Trans- 
former Sub-stations and to Automatically 
Disconnect the Sub-stations from the Line 
and Load Sides of the Systems. 

Local Sprinkler Alarm and Supervisory Sys- 
tems. 

Smoke and Heat Detecting Systems for Air 
Conditioning Systems. 


Sprinkler Waterflow Detectors. 
120 Volt A.C. Vibrating Bells. 


Emergency Switches to Shut Down Fuel Oil 
Systems, Ammonia Compressors and Air 
Conditioning Systems. 


Ground Detector Systems for Hospital Oper- 
ating Rooms. 


ACME FIRE ALARM CO., Inc. 
106 SEVENTH AVE., NEW YORK CITY, N. Y. 
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AMERICAN-|AFRANCE 


FINEST FIRE-FIGHTING EQUIPMENT 


} . | 
i 
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Fire Extinguishers: Foamite, Soda-Acid, Anti-Freeze, all Water Types, Carbon Dioxide, 
Dry Chemical and Vaporizing Liquid. 


Wheeled Engines: Foamite, Soda-Acid, Anti-Freeze, Carbon Dioxide and Dry Chemical. 


Fire Extinguishing Systems: Foamite Single Powder, Alcofoam Single Powder, Foamite 
Dual Powder, Foamite Two Solution, Foamite Airfoam, and Carbon Dioxide. 


Fire Hose: Allweather Fire Hose, white and clean, flexible for easy racking, strong 
and durable, seamless tubing, smooth waterways, double jackets tailored to fit, flat- 
cured. Wide range of selection. 


Fire-Fighting Supplies: Every need of the fire service can be promptly supplied from 
our complete stock of the most modern equipment. 


American-LaFrance industrial fire extinguishers are approved by either the 
Underwriters' Laboratories, Inc. or the Factory Mutuals Laboratories, or both. 


AMERICAN-LAFRAN 


ELMIRA-NEW YORK:U.S.A. 


In Canada, LaFrance Fire Engine & Foamite Ltd., Toronto 
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plead rbgatnl 


Central 
Upright Spray 
Sprinkler 
Type “SSU” 





BETTER FIRE PROTECTION 


Combining all the superior features of the Central convention- 
al type of automatic sprinklers (which 34 years of unequalled 
service have demonstrated) with the Central specially de- 
signed spray type of distributors, we present the complete 
line of Central Spray Sprinklers. 


Central Spray Sprinklers are more effective and more efficient 
than any other type of sprinkler. 
CHEAPER COST OF INSTALLATION 


Their greater area of distribution and their lesser consumption 
of water combine to produce earlier extinguishment of fires 
with less water used, smaller pipe sizes and, in most cases, a 
lesser number of sprinklers required for the same areas. 


Therefore, you save money in first installation cost and your 
fire damage is lessened if a fire occurs. 


In every way, you profit by using the latest developed and the 
most efficient Central Spray Sprinklers. 


Manufactured and Installed by 


CENTRAL AUTOMATIC SPRINKLER COMPANY 


Fourth Street and Cannon Avenue, Lansdale, Pa. 
Cable Address — ‘“Sprinklers’’ — Philadelphia 


Licensees in principal cities in U. S. of America and Canada 
and throughout the world. 
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Model PRS-1 
Sprinkler 


Waterflow Alarm 


This device is approved 
by Factory Mutual Lab- 
oratories and Under- 
writers’ Laboratories, 


Inc. 


@ This device is also 
made as Model PRT-I, a 


coded waterflow trans- 


5-inch size shown above. To install simply drill ™'*ter- 
2-inch hole in pipe. 


@ Also made in explosion proof models. 
@ Made in all sizes from 22” to 8”. 


@ Has instantly recycling pneumatic retarding device, which prevents 
false alarms. 


@ Has enclosed electrical contacts for 15 amp. 125 volts, A.C. and '2 
AMP, 125 volts, D.C. 


Tempo-Set Model A 
Fire Detector 


Underwriters’ Laboratories, Inc. 
Approved. 


@ Self restoring and can be heat 
tested. 


@ Electrical contacts are silver or 
gold and are enclosed. 


@ Very reasonable price. 
Size is 154” x %e” 
@ Tempo-set Model A is approved in either open or closed circuit and the 
temperature ratings are 140 and 200 degrees. 
@ Approved spacing is 20’ x 20’. 
*& — ratings are 125 volts | ampere, A.C. or 24 volts 0.5 ampere D.C., 
or less. 


CENTRAL STATION SIGNALS, INC. 


Manufacturers of all kinds of approved devices used in Central Station Systems or 
Class ‘A’ or Class ‘B’ Proprietary Fire Alarm Systems, either automatic or manual. 


53 WEST 23rd STREET NEW YORK 10, N. Y. 
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Fire Prevention 
Benefits Everyone 


Every building conserved from destruction 
by fire benefits everyone in the community. 
Preventing a fire saves valuable building 
materials for other use, keeps business in 
operation and people employed and helps to 
keep down insurance costs. 

Make fire prevention an important part 
of your activity during the entire year. 
There is a veritable arsenal of ammunition 
to draw upon. Motion pictures, posters, 
prepared talks and booklets are available 
through our companies, the National Fire 
Protection Association, the National Board of 
Fire Underwriters, and the National Associa- 
tion of Insurance Agents. 

Fire prevention work is one of the most 
rewarding activities you can undertake — 
for your own benefit and for your whole 
community. 


AUTOMOBILE INSURANCE COMPANY 
STANDARD FIRE INSURANCE COMPANY 
FIRE AND MARINE UNDERWRITERS 
Hartford 15, Connecticut 
Fire and Marine Insurance — All Forms 


Affiliated with ETNA LIFE INSURANCE CO. @ AZTNA CASUALTY AND SURETY CO. 








wmevsS ¢ 


- 
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DETECT-A-FIRE 


Rate Compensation Actuated THERMOSTATS 
insure positive Fire Detection 
for alarm or release systems 


Fenwal DETECT-A-FIRE 
units are based on an 
entirely new principle. 
The outer shell is the 
sensing element — re- 
acting to the tempera- 
ture of the air around 
it. The contacts func- 
tion when surround- 
ing air reaches a dan- 
ger level. 


SERIES 70 
HORIZONTAL 
MODEL. 





SERIES 71 
VERTICAL 
MODEL 






oO 


¢ Hermetic Sealing of internal electrical components. 


¢ Stainless Steel Construction — for corrosion resistance 
and long life. 


¢ Temperature Setting Range, 140 F to 725 F. 
¢ Long Spacing ... 25 feet .. . economy of installation. 
¢ Repeatable. Unit re-sets itself, nothing to replace. 


¢ Shock and Vibration Resistant .. . rugged construc- 
tion. 


For locations where appearance is a factor. Suitable for 
all commercial, industrial, mercantile and public build- 
ings, institutions and ships, in locations classified as 
“ordinary” under the National Electric Code. 

TYPES 7020 and 7021 

Flush Mounting Unit for new construction and con- 
cealed wiring. Type 7020, normally closed circuits; 
Type 7021, normally open circuits. Designed to fit 
standard 4” junction boxes. For exposed wiring, Types 
7020-1 and 7021-1 with surface adapter ring. 
LISTING and APPROVALS: @, <>, USCG, and 
American Bureau of Shipping Acceptance. 


For ordinary and hazardous locations i.e., Class I, 
Groups C and D; Class II, Groups E, F, and G. Ex- 
plosion-proof in itself. For hazardous locations, mount 
to Crouse Hinds CPS 021 Cover or Appleton BFGS 
Hub Cover for explosion-proof system. 

TYPES 7120 and 7121 

For concealed and exposed wiring. Type 7120, normally 
closed circuits. Type 7121, normally open circuits. 
LISTING and APPROVALS: @), <>, and American 
Bureau of Shipping Acceptance. 





SEND FOR THESE BULLETINS. 


They give the latest authoritative data on fire or over- 
heat detection. They discuss in full the rate compensa- 
tion principle; give exact engineering data. Write for 
Bulletins MC-107A and MC-108 to Fenwal Incor- 
porated, 1410 Pleasant Street, Ashland, Mass. 





DETECT-A-FIRE’ 
Thermostats 


DYNAMIC, RATE COMPENSATION 
ACTUATED FIRE DETECTORS 


A7 
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PRODUCT OF THE CHEMICAL AGE 


FOR NEW INSTALLATIONS 
FOR REPLACEMENT OF EXISTING SPRINKLERS 


SOMETHING 
NEW 


SOMETHING 
DIFFERENT 


FIREMEN 
EVERY 
10 FEET 


SAVEALL AUTOMATIC SPRAY SPRINKLERS 


APPROVED BY ALL INSURANCE AUTHORITIES 


Fifty-five years experience in manufacturing automatic 
sprinklers enables us to produce the Saveall Automatic 
Spray Sprinkler, the last word in appearance, sensitivity, 
durability, efficiency, quality, accuracy of performance. 


Write for free, illustrated pamphlet. 


Manufactured and Installed by 
GLOBE AUTOMATIC SPRINKLER COMPANY 
2035 Washington Avenue, Philadelphia 46, Pa. 


Offices in Principal Cities 
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Use ROLAGRIP 
couplings 


for fast, 
low cost 
sprinkler 
installation 




















This is a 6” ROLAGRIP coupling for plain end pipe on a sprinkler bulk 
line in a midwestern aircraft plant. ROLAGRIP couplings and plain endi 
steel pipe were used here because the contractor had to install a permanent,. 
low cost sprinkler system in a hurry. 


Because the sprinkler system was coupled with ROLAGRIPS, pipe came 
straight from the mill in economical mill run lots . . . ready to install. It 
required no special machining, handling or shipping preparation. 


Installation time and labor were cut because ROLAGRIPS go on in three 
easy steps: (1) grease the special synthetic rubber gasket (to prevent pinching) 
and center it over the pipe ends; (2) lay ROLAGRIP halves over gasket;, 
and (3) insert and tighten two bolts. 


ROLAGRIPS will save you time and money,,. 
too. They come in 114” to 12” sizes; are approved 
by Factory Mutual and listed by Underwriters” 
Laboratories. 


Write for free folder! 





Write today for prices and free illustrated 
folder NCF. (For grooved pipe, investigate approved 
GRUVAGRIP couplings — sizes 4” to 14”.) 


GUSTIN-BACON MANUFACTURING COMPANY 


Kansas City 6, Missouri 










210 West Tenth Street 
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AKBAR 


Rolling Fire Doors 
Made Only By 


Lares ar: : ; 












These photos dramatically 
show protection attorded 
by Akbar Door in recent 





AG “ey ra 


fire. 


Kinnear Akbar Fire Doors pro- 
vide fast, positive fire protection at 
doorways and other wall openings. 

Doors are automatically pushed 
downward when fire threatens. A 
strong spring provides positive ac- 
tion. Downward speed is controlled 
to insure safety for building occu- 
pants ... and the doors can be 
opened easily for emergency exits. 
They automatically close again at 
once. 

Another Akbar safety feature 
stops the door at sill level, even if 
the floor is burned away. A special 
locking device prevents the curtain 
from coming off the spool. 

When not in use, Akbar Doors 
coil out of the way over the lintel. 
Approved and labeled by Under- 
writers’ Laboratories, Akbar Doors 
can saye as much as one third of 


fety 






| re 
Features 


their cost per year in reduced insur- 
ance rates! 

Each Akbar Door is engineered 
for the specific opening, insuring 
the ultimate in closure. 

Akbar Fire Doors can be equipped 
for daily use with motor or manual 
operation if desired. Where maxi- 
mum fire protection is not required, 
non-labeled Kinnear Rolling Doors 
are recommended. 


LARGE SIZES: Kinnear makes 
doors for firewall openings rang- 
ing up to many hundred square 
feet in area. These large doors 
are built with the same safety 
and protective features offered 
in the labeled doors described 


= Write for details! 
THE KINNEAR 





SANE WAYS 
poorWAYS | MANUFACTURING CO. 


FACTORIES: 
2250-70 Fields Ave., Columbus 16, Ohio 


1742 Yosemite Ave., San Francisco 24, Cal. 
Offices and Agents in All Principal Cities 







INNEAR 
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l 
es Ine 
INSPECTED 


TYPE EX POWER-OPERATED 
INDUSTRIAL TRUCK 


FOR HAZARDOUS LOCATION 
CLASS 1 GROUP D NO. 101 


Designed not only for safety 
but also economy... 


Clark’s new EXPLOSION-PROOF Carloader 


Clark’s electric Explosion-Proof Carloader was specifically 
designed to meet the rigid requirements of Underwriters’ Labo- 
ratories, Inc. It was the first lift truck to receive Type EX, Class I 
Group D approval. It is safe for operation in atmospheres con- 
taining explosive fumes and vapors, such as gasoline, lacquer, 
propane. 

In addition to Safety, the new Explosion-Proof Carloader provides 
outstanding economy and battery efficiency. It utilizes the same 
basic control system which enables all Clark electrics to outperform 
other equipment—to work a longer cycle without recharging 
batteries. 

We invite you to compare the new Explosion-Proof Carloader with 
any comparable truck on the market. Call your local Clark dealer— 
listed in the Yellow Pages. Or write for details. 


CLARK 


EQUIPMENT 


Industrial Truck Division Firm 
CLARK EQUIPMENT 
COMPANY 
Battle Creek 190, Mich. 


_} Send details on "EX" Carloader 


Name 





, Ohio 
4, Cal. 
| Cities 


Address 





ee ee ee 
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BE se 


MECHANICAL JOINT HYDRANT 


ANE 


Saves Labor 
> Saves Time 


7 CAST IRON GL ANd 
CAST IRON BOLT 
GASKET 






Made-up Mechanical 
Joint cut away to show 
its design. 


UL&FM APPROVED & LISTED 


The use of mechanical joints for pipe, valves and 
hydrants is growing rapidly. The reasons are easy 
assembly, saving in time and labor cost, and flexi- 
bility that maintains a tight, leak-proof joint under 
conditions such as pipe line expansion, contraction 
or settling. 


M & H Mechanical Joint hydrant is standard 
compression type. The main valve opens against 
the pressure. Hydrant valve will remain closed in 
case hydrant standpipe is broken off in traffic ac- 
cident. Other features include low friction loss, 
revolving head, dry top, easy lubrication. Hydrant 
shoe has two heavy lugs for use in strapping hy- 
drant to dead-end pipe line. 


M & H Hydrants are approved and listed by 
Underwriters’ Laboratories of Chicago and Factory 
Mutual Laboratories of Boston. Mechanical Joint 
Ends are made in accordance with A.S.A. standard 
specification A21.11, 1952, in which a thick gasket 
of triangular cross section is compressed by a bolted 
follower ring. 


For complete information, write or wire M & H 
VALVE AND FITTINGS COMPANY, Anniston, 
Alabama. 


FOR WATER WORKS ® FILTER PLANTS | 


INDUSTRY ® SEWAGE DISPOSAL AND 
FIRE PROTECTION 
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Van-Packer Safety Chimney is 
genuine masonry construction 


T RON GLAND 
T IRON BOLT 
KET 


inical 
) show 


TED 


es and Cross-section view shows all masonry construction 

e easy 

ee Withstands 2100° F.—The Van-Packer Packaged Masonry 

ection Safety Chimney is built with a 3” fire clay tile liner (the 
only material proven safe by fire safety men thru the years). 

ae b The liner will withstand temperatures in excess of 2100° F. 

agains 

= noe Safety of 24” Brick Wall—Van-Packer’s 3” insulating con- 

c ac- . ° ” . : 

n loss, crete wall is equivalent to a 24” brick chimney wall, so safe 

ydrant p that wooden rafters can be in direct contact with chimney 

ae hr ; (Underwriters tested and so listed). Section joints are per- 

ted by . manently sealed with acid-proof, leak-proof joint cement. 

Sous . Approved for All Domestic Fuels—FHA accepted, UL 

andard listed, and approved by major codes and U. S. Army En- 


— gineers for all domestic fuels. 


M & H For further information on the Van-Packer Chimney 


niston write for Bulletin No. 41J-AF28 


fan-Packer 


Packaged Masonry Safety Chimney 
with "Brick-Panel”’ Housing 


Van-Packer Corporation © Bettendorf, lowa 
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Automatic 


SPRAY 
SPRINKLERS 


ENGINEERED FOR BETTER 
FIRE PROTECTION 


LOWER INSTALLATION COST 
Fewer Sprinklers Needed Per Area 


LOWER CEILING TEMPERATURE 
More Uniform Lateral Distribution 
of Water 


MINIMIZES FIRE and WATER DAMAGE 
Extinguishes Fires Faster With 
Less Water 


INTERCHANGEABLE WITH 
CONVENTIONAL SPRINKLER HEADS 


















Upright 
Model S.S.U. 







Pendant 
Model S.S.P. 





GRIMES DEVICES are approved by all Insurance Interests 


Manufactured and Installed by 


RAISLER CORPORATION, 129 Amsterdam Ave., New York 23 


Licensees in all principal cities in the United States and Canada 
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DO YOU GET THIS 
KIND OF FOAM 


forepor MC POM Spitem, ? 


This photomicrograph 
is the revealing secret 


of NICEROL AIR FOAM’S 


TRULY AMAZING 


heat stability 


Magnit;-2,. 
, “Vication X 30 THIS IS WHY NICEROL 
F = GIVES GREATER HEAT RESISTANCE 


The minute, closely-knit bubbles retain the maximum water 

SPECIAL TESTING OFFER content in a foam ‘that is both adhesive and cohesive. This 
Simply write the one word “SAMPLE” on is the reason that Air Foam, made from Nicerol, defies fire 
your official stationery and we will send to a pus neg? sais ~ faster, and definitely outiasts 
you : Freight pre-paid, anywhere in the U.S.A. Ee Se ae 
or Canada, one S-gallon can of NICEROL - 
Double strength Air Foam Liquid, for $20C.0.D, NICEROL Air Foam Liquid lasts longer in the can, too, 
(or please enclose check). Test this sample can _ because it is specially processed to prevent corrosion of 
through your existing foam system—to produce cans and containers—nor does it form sludge. 


1,650 gallons of tough foam f I 7 
of we wae a WICEROL Air Foam Liquid can be used with all approved 


types i i 
The $20 cost of this sample will be deducted = w no — a 
from your first order for NICEROL of 100 NICEROL is more widely used throughout the world than 


gallons and over. any other air foam liquid. 


Ni Cero’ 1 ie cover wstive ae row 


Keeps longer in storage—Puts out more Fire Faster 
Outlasts the Fire 


INQUIRIES INVITED FROM DISTRIBUTORS AS WELL AS USERS. FULL TECHNICAL AND COMMERCIAL DETAILS AVAILABLE FROM 


GEORGE T. REYNOLDS & ASSOCIATES, P.0. BOX 395, THORNWOOD, N.Y., U.S.A. 
BRITISH FIRE EXTINGUISHERS LTD., 222 SIMCOE ST., TORONTO 2B, ONT., CANADA 
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4 
8 
| 






* Dependable water supply 





* Constant fire protection 
SERVING EVERY INDUSTRIAL NEE 







Ford Motor Company, Cleveland, 
Ohio. 750,000-gallon Radial 
Cone Bottom Tank. Diameter 73’; 
head range 25’; height to bot- 
tom 100’. 

















PITTSBURGH-DES MOINES 


wi Steel Tanks 


These recently-erected tanks, serving the water 
storage requirements of two new Ford Motor 
Company plants, typify the hundreds of in- 
dustrial PDM Elevated Steel Tank installations 
for companies of every size from coast to 
coast. Let us consult with you on the type and 
capacity of tank best meeting the demands of 
economy, efficiency and safety for your plant. 





Ford Motor Company, Hamburg, 
New York. 250,000-galion 
Double Ellipspidal Tank. Diameter 
38’; head range 33’; height to 
bottom 323’. 








PITTSBURGH - DES MOINES STEEL CO. 


Eee PO UC UL ee Le ee! 


Sales Offices at: 
PITTSBURGH (25), . . . 3468 Neville Island DES MOINES (8). 969 Tuttle Stree 
NEWARK (2), 250 Industrial Office Bidg DALLAS (1)... . 1273 Praetorian Buildin 
CHICAGO (3), 1272 First National Bank Bidg SEATTLE . 576 Lane Stree 
STL Be ee Lt merle eee ter 
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SAFE MANUFACTURERS NATIONAL ASSOCIATION 


(Incorporated) 


W. J. Parker 366 Madison Ave., New York (17) N. Y. 
Secretary-Treasurer a MURRAY HILL 2-2925 






If You Are Contemplating Purchase Of Products For The 
Protection Of Records From Fire Or Theft 


BEWARE OF UNLABELED PRODUCTS!!! 


Products of very doubtful fire or burglary protective qualities are appear- 
ing on the market. They are described as “insulated” in what many 
informed persons believe to be a deliberate effort to imply protection 
which in reality does not exist. 


. NEED 




















Their exaggerated claims of protective qualities have no foundation in 
fact. These products carry no recognized label certification and their 
protective qualities of even minimum standards cannot be substantiated. 


These misrepresentations and misleading claims about “insulated” prod- 
ucts—with the resulting danger of a sense of false security on the part of 
users of these products — are matters of grave concern to the members 
of the Safe Manufacturers National Association. The members of this 
Association make approximately 95% of the certified, scientifically tested 
insulated equipment manufactured in the United States. 






When you purchase equipment for the protection of records or other 
valuables, insist that the products you buy carry either the label of the 
Safe Manufacturers Nationai Association or that of the Underwriters’ 
Laboratories — or both. 















The label of Underwriters’ 











- Laboratories certifies tested 

» water e UNDERWRITERS LABORATORIES.INC fy @| performance by “_ testing 

Motor Deis ae 000s NS organization whose findings 

° are generally recognized as 

of in- the impartial and authorita- 
lations tive criterion of fire safety. 

past to Labels of the Safe Manufacturers 

d Saag : sp aTinats National Association (SMNA) repre- 

a art PTC sel Le ST e sent certification by the prone 

ands oO! 5 FIRE INSULATED SAFE A that his product meets the specified 

r plant. SMNA CLASS et sind of performance under fire 

conditions. 













Don’t be misled by the unsubstantiated claims of unscrupulous manufac- 
turers. Both impartial labeling services are available to any manufac- 
turer whose products qualify. 
LOOK FOR THE LABEL AND BE SURE YOU ARE SAFE!!! 


Members, Safe Manufacturers National Association, Inc. 











Diebold, Inc., Canton 2, Ohio rae 
Hall’s Safe Co. Inc., Hamilton, Ohio o 
Remington Rand, Inc., New York 10, N.Y. 
- - * i E ? ’ A 
ame See ae he eee Remington & Sherman, Hamilton, Ohio 





Safe Corporation, Hamilton, 


picitehs Meilink Steel Safe Co., Toledo 6, Ohio ee ee ae 
Pie uilding 
eee Mosler Safe Co., Hamilton, Ohio York Safe & Lock Co., Canton, Ohio 





COPYRIGHTED BY SMNA 
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Four reasons 
fire protection 


is faster _ 


Here is the Big Service Plus 
offered only by Ansul: 

A complete fire protection program 

for your plant and your employees 


@ Personnel training in your 
plant by experienced Ansul 
instructors. 


@ Customer training school at 
Ansul plant, Marinette, Wis- 
consin. Write for schedule 
and registration information. 


@ Visual aids for your safety 
meetings and other training. 


@ In-plant survey to determine 
your fire protection needs. 


ol 





Call the Ansul Man! 


Get in touch with your local Ansul man through the “yellow 
ages” or write ANSUL CHEMICAL COMPANY, Fire Equipment 
ivision, Department F-112, Marinette, Wisconsin. 
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why Ansul 
equipment 
more effective! 


WEATHER-TIGHT CONSTRUCTION. Ansul extinguishers are water- 
tight and corrosion resistant, always ready for action even after extreme 
weathering and exposure to wide temperature variations. 


PATENTED NOZZLE. To ensure full fire coverage, Ansul’s patented 
nozzles deliver the right kind of stream for your fire protection problem 
(low velocity or high velocity, depending on hazard). 


SEALED PRESSURE CARTRIDGE. A positive activating system puts 
Ansul “Plus Fifty” dry chemical to work immediately—no delay. Cartridge 
replacement in the field is simple, no tools are necessary. 


RUGGED CONSTRUCTION. Quality materials and careful workmanship 
make it possible for Ansul to back their equipment with a 5-year warranty 
—the only one of its kind in the industry. 
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The Shand & Jurs HYDRAFOLD valves and INTERNAL SAFETY valves 
go hand in hand like Pat and Mike. But it’s no joke how they provide 
maximum efficiency in the discharge of truck tank contents The S&J 


HYDRAFOLD valves enable just one meter to serve several tank com- 


partments through a manifold. These valves and corresponding IN 
TERNAL SAFETY valves are selected and operated simultaneously by 
the S&J Operator. Both the HYDRAFOLD and INTERNAL SAFETY 
valves are normally held closed by spring pressure and can be 
opened only by the time proven, dependable hydraulic pressure sys- 
tem. Tiny fusible plugs which melt at 165° F. are located strategically 
in the hydraulic lines. Should fire endanger the truck tank or con- 
tents the plugs will melt releasing hydraulic pressure and allowing 
both the HYDRAFOLD and INTERNAL SAFETY valves to close tn- 
stantly. Designated by S&J as Fig. 13050, these HYDRAFOLDS are 


available in 3” and 4” sizes. Another model, Fig. 13930 is available 
in the 2" and 3” sizes. 


a G,. 


330.029 See CALIFORNIA 


NEW YORK CHICAGO 
CPM el me et) 


HOUSTON TULSA LOS ANGELES 
M&M Bidg h 714 W. Olympic Blvd. 
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loss of jobs for all employees, loss of cus- 
tomers now forced to seek a new source 
of supply. 
Many buildings face the same peril. 
Fortunately, this can be remedied easily. 
hat’s more, a new type of Rockwood 


aterFOG Sprinkler Head now brings 
azing Rockwood WaterFOG to con- 


ventional sprinkler systems, making them 
more effective than ever. 

The new Head, which covers 30% more 
area than ordinary heads, is a result of 


years of research by Rockwood engineers 
working closely with engineers in the U. S. 
Navy, municipal fire departments and 
industry. The Head sprays water into 


millions of particles which burst into a 


blanketing mist. This mist cools the tem- 
perature, covers nearby flammables and 


smothers the fire. For complete informa- 
tion, send coupon. 


ROCKWOOD 
SPRINKLER COMPANY 


Engineers Water.. 
to Cut Fire Losses 


SEND FOR THIS INFORMATIVE BOOKLET 


ROCKWOOD SPRINKLER COMPANY 


250 Hartow Street Worcester 5, MASSACHUSETTS 


Please send me the 12-page illustrated booklet, “15 Types of Fire Protection,” 
giving actual case histories of different types of fire control. 
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(954 Edttion... Thousauds Sold... 


Training Manual 


How to Organize 
and Train a Modern 
Fire Brigade 
in Your Plant 


EIRE BRIGADES 160 pages and 


unenine MANTA 385 illustrations 


Printed on fine, glossy paper, 
81, by 11 inches page size 
with sewed binding to open 
flat. 





Single copies: 33.25 — 25 or more to one address: 39.45 each 


Covers these Fire Control Subjects 


e Training of Plant Fire e Handling Hose 
Brigades e Producing Effective 

® Plant Fire Protection Fire Streams 

® Fire Causes and Hazards e Salvage Practice 

® Making Forcible Entry e Rescue Work 

* Handling Rope e Inspection of Equipment 

e Fire Fighting 


Using Fire Extinguishers ° 
e Handling Ladders 


Order today from: 


NATIONAL FIRE PROTECTION ASSOCIATION 


INTERNATIONAL 


60 Batterymarch St., Boston 10, Mass. 
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RELIABLE 


eee 


@ Greater Coverage 


Temperatures 


eGasses : 


Incorporating the new principle of water distribu- 
tion, the Model “C” Spray Sprinkler is another ex- 
ample of Reliable’s leadership in new product de- 
sign. All Reliable Sprinkler Devices are the assur- 
ance of the ultimate in fire protection ... and have 
been protecting life and property for over 30 years! 
Reliable Sprinkler Devices are distributed ... in- 
stalled and serviced by Reliable’s chain of licensed 
representatives located throughout the United 
States, Canada and foreign countries. A Reliable 
representative is as near as your phone... . Call 
him for a system designed to your specific needs! 


Constant Fire Protection That's Always “Reliable”! 


Lr R ELIABLE AUTOMATIC SPRINKLER CO. INC. 
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for any condition whatever it happens to be! 


ATLANTA — Crawford & Slaten 
Co. BOSTON—Viking Automatic 
Sprinkler Co. BUFFALO—-Viking 
Automatic Sprinklers, Inc. 
CHICAGO — Viking Automatic 
Sprinkler Co. CINCINNATI, 
CLEVELAND, INDIANAPOLIS, 
LOUISVILLE— Viking Sprinkler 
Co. DALLAS, HOUSTON, 
JACKSON (Miss.), MEMPHIS, 
NEW ORLEANS, N. LITTLE 
ROCK, OKLAHOMA CITY, 
SAN ANTONIO, TULSA — 
Texas Automatic Sprinkler Co. 
DETROIT—Viking Sprinkler Co. 
GRAND RAPIDS — Viking 
Sprinkler Co. of Western Mich. 
HIGH POINT, N. C. — Viking 
Sprinkler Co. HUNTINGTON, 
W. VA.—C. W. Hutchinson, Inc. 





DECATUR (Ill), DENVER, 
KANSAS CITY (Kan.), OMA- 
HA, SAINT LOUIS — Walton 
Viking Co. LOS ANGELES, SAN 
FRANCISCO—California Viking 
Sprinkler Co. HILLSIDE (N. J.), 
NEW YORK — Viking Sprinkler 
Co. PHILADELPHIA, WASH- 
INGTON (D. C.) —Viking 
Sprinkler Co. PORTLAND 
(Ore.), SEATTLE, VANCOU- 
VER (B. C.)—Viking Automatic 
Sprinkler Co. ST. PAUL, MIN- 
NEAPOLIS — Hudson Viking 
Sprinkler Co. TAMPA — Florida 
Fire Sprinklers, Inc. TORONTO 
(Ont.) — Viking Automatic 
Sprinklers, (Canada) Ltd. HA- 
STINGS (Mich) — The Viking 
Corporation. 


corporation 
HASTINGS, MICHIGAN 
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SAFER 


liquid handling 
for Industry 


THIS NEW TOKHEIM HAND PUMP contributes 
to safer handling of volatile liquids wherever used. 
Stops wasteful dripping and slippery floors. 
Reduces fire hazard and accidents common to 
other methods of liquid transfer. Approved 

for handling petroleum 

liquids — ideal for many 

others. Available in hose and 

spout models—for drums, 

skid tanks and underground 

installations. Order from 

your dealer, your oil 

company or your Tokheim 

representative. Write 

factory for literature. 


eo) GF Fh 


PYolT Tt allel) 
HAND PUMPS 


General Products Division 


TOKHEIM CORPORATION 


Designers and Builders of Superior Equipment Since 1901 


1686 WABASH AVENUE FORT WAYNE 1, INDIANA 
Canadian Distributor: H. Reeder, 205 Yonge St., Toronto 
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The AMAZING New 





With its 
Unequalled Performance 

Gives You é 

SUPERIOR PROTECTION — revolution- 

ary in method — for any type of 

occupancy — no matter how severe 

ieee. 5 soe eae ee (MODEL C—UPRIGHT) 

| LESS WATER USED — more effectively and more efficiently — for 
total extinguishment and cooling. . . . All water discharged goes 
| directly on the fire — not on the ceiling. . . . Ceilings are so cooled 


that no sprinkler will open ‘niente. 

STAR SPRAY SPRINKLERS — the ultimate in modern fire protec- 
tion — can replace former-type sprinklers without changes in 
piping. . . . . + Available for installation in either 

UPRIGHT or PENDENT position. 

Approved by Factory Mutual Laboratories 
Listed by Underwriters’ Laboratories, Inc. 


Write for name and address of STAR licensed 
contractor nearest your location, to: 


STAR SPRINKLER CORP. 


Westmoreland and Collins Sts. — Philadelphia 34, Pa. 


Licensees in all Principal Cities of the United States and Canada 








ees 











Permanent « Fire Retardant 


Underwriters’ 
Laboratories, 
Inc. 


For surface application; by brushing, spraying or trow- 


elling, in one coat ('44” to 4” thickness). Applied over 
cork, cellulose boards or unpainted wood; fiber, foam 
glass and other types of sheet or block insulations. 


When applied to insulation cov- 
ering ventilating ducts, Fire-Ban 
not only provides a fire-retard- 
ant surface, but a hard, rigid 
protection against mechanical 
damage to the insulation. Sur- 
face is smooth and cleanable, 
decreasing accumulation of com- 
bustible dusts. 


FREE SAMPL 


Samples of Fire-Ban 
applied to wood, fiber 
or cork board, foam 
glass, Styrofoam, Ru- 
batex and fiber glass 
supplied upon request. 
Please specify. 


When applied to insulation, 
Fire-Ban provides fire-safety 
construction. Hard, rigid sur- 
face protects insulation against 
mechanical injury. Permanent 
smooth, washable surface purest 
white or choice of colors. 


FIRE-BAN is a 100% inert composition that will 
not burn... prevents ready ignition of combusti- 
ble materials . . . frequently saves fire rate penalty 
of combustible building materials. Conforms to 
“‘slow-burning”’ requirements of Federal Specifica- 
tions SS-A-118a. 


FIRE-BAN is economical enough for low cost con- 
struction. Weighs only 6% oz. per sq. ft. when 
applied '%" thick. No reinforcement required .. . 
no surface scoring needed to provide for expansion. 


FIRE-BAN provides a monolithic surface that will 
not curl, blister, check, craze or peel. Not affected 
by extreme temperature fluctuations, withstands 
drops to minus 75° F. The surface is none-dusting 
and non-toxic; does not become tacky when sub- 
jected to frequent washings. Thoroughly ‘“‘field- 
tested’”’ for over six years. 


ES 


Fire Protection Engineers, Inspectors, Architects, etc., can 
obtain samples of Fire-Ban with instructions for experimental 
use . . . no charge or obligation. Write for new Bulletin 54 or 
outline your problem. 


E. H. O’NEILL FLOORS COMPANY 
2531 South 50th Ave. Cicero 50, Illinois 
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HORTON ELEVATED TANK 


Protects Underwriters’ Laboratories Testing Plant 


The 100,000-gallon Ellipsoi- 
dal elevated bottom tank shown 
on the left was installed at the 
Underwriters’ Laboratories 
Testing Plant in Northbrook, 
Illinois. The tank, 100-ft. to 
the bottom, is used as the pri- 
mary water supply for their 
sprinkler system. 


A 6,000-gallon and a 2,000- 
gallon reservoir interconnected 
through the pump house to the 
sprinkler system serve as the 
secondary water supply. 


Underwriters’ Laboratories, 
Inc., established in 1894 as a 
non-profit organization oper- 
ates laboratories for the exam- 
ination and testing of devices, 
systems, and materials. The 
Northbrook laboratories consist 
of four buildings containing a 
total of 46,000 square feet. Ex- 
cept for the pump house and 
fire station, the 388 sprinkler 
heads protect the entire plant. 


Elevated tanks are also used 
as a secondary water supply 
for automatic sprinkler systems 
where the public water system 
cannot deliver a sufficient vol- 
ume of water at a satisfactory 
pressure. Horton elevated steel 
tanks are available in capaci- 
ties to fit your particular needs. 





For additional information or estimates write to our nearest office below. 


CHICAGO BRIDGE & IRON COMPANY 


ATLANTA CHICAGO LOS ANGELES SALT LAKE CITY 
BIRMINGHAM DETROIT NEW YORK SAN FRANCISCO 
BOSTON HAVANA PHILADELPHIA SEATTLE 
CLEVELAND HOUSTON PITTSBURGH TULSA 





Plants at Chicago, Birmingham, Salt Lake City and Greenville, Pa. 
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: “Davy’s Lamp” 


PROTECTS 
PROCESSING 
PLANTS 
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in 1815 Sir Mumphrey Davy 
and first applied the principle of 






separating flammable gases 
ikler from open flame by means of 
lant. a copper screen. The result “VAREC”’ Fig. No. 50 
was the ‘‘Davy’s Lamp”? which Flame Arrester 
used gave underground coal miners Listed by 
a chance for survival. Underwriters’ Laboratories 
ipply Approved by Associated 
stems Factory Mutuals Laboratories and 
, other governing agencies 
ane “VAREC” FLAME ARRESTERS utilize this age-old basic principle of heat 
t VOl- transfer in protecting plants, equipment and lives against fire and explosion 
ctory wherever gas or flammable liquids are stored. 
| steel They stop burning gas in piping from rapidly propagating thus preventing fire 
ypaci- and explosion. Heat of the flame is dissipated through the many surfaces of 
reeds. the multiple corrugated aluminum plates within the unit. Resultant heat loss, 
plus the tortuous passageways through which the flame would have to pass, 
tone. stops flame propagation just as the copper screen did in the “Davy’s Lamp.” 
“Varec” Flame Arresters are a low cost 
investment in the utmost safety for your NF 2 
NY plants . . . consult your “Varec” representa- 
tive or write direct. 
CITY PROVED ens APD» 
—_ THE VAPOR RECOVERY S. 
\TTLE SYSTEMS COMPANY 
TULSA COMPTON, CALIFORNIA, U. S. A. 
le, Pa 
es e 


Cable Address: VAREC COMPTON USA (All Codes) 
= 








A30 QUARTERLY OF THE NATIONAL FIRE PROTECTION ASSOCIATION 


Autemalic Rolling Steel 


FIRE DOORS aud WINDOW SHUTTERS 
PREVENT SPREAD of FIRE, 


You need good automatic fire doors in fire walls, corridors, and 
vertical shafts . . . in some cases automatic rolling steel window 
shutters are necessary to protect your building and its contents from 
fires which may originate in nearby buildings. Many, many cases are 
on file which confirm that timely action of automatic rolling steel fire 
doors and window shutters have confined a fire to its point of origin 
and permitted its being extinguished with comparatively small 
damage. Make a survey of your building now, and don't delay 
action. You will find a Mahon Automatic Rolling Steel Fire Door or 
Window Shutter to meet each of your requirements—all bear the 
Underwiters’ Label. These automatic fire doors may be operated 
manually or mechanically in every day use. If a fire should break out 
while they are in the open position, the automatic mechanism will 
close the door, cutting off drafts and preventing the spread of the fire. 
See Sweet's Files for complete information, or write for Catalog 654, 


suk R. Cc. @ARB OR COMPANY 
Detroit 34, Michigan @ Chicago 4, Illinois 


Manufacturers of Automatic Rolling Steel Fire Doors and Window Shutters. 
Also Many Types of Standard General Service Rolling Steel Doors and Grilles, 
Insulated Metal Walls, and Steel Deck for Roofs, Floors and Partitions. 





oe —— he 


Above: Typical Mahon Automatic Rolling | 
Steel Fire Shutter. At Right: Mahon Auto- | 
matic Rolling Steel Fire Door installed — 
in a Dividing Fire Wall in a Bus Garage. | 





ROLLING STEEL 
FIRE DOORS and 
WINDOW SHUTTERS 





b\, TWO OF THE GREATEST NAMES IN FIRE PROTECTION f 
HAVE JOINED FORCES 


PYRENE and C-O-TWO, world-renowned manufacturers of approved fire protec- 
tion equipment, are now unified under the same management to give you the finest 
and most complete line on the market today... 


built-in fire detecting systems that quickly respond 
to smoke, heat or flame... 


Kall types of portable fire extinguishers and built-in 
fire extinguishing systems that kill fire fast... 


XK plus an expert fire protection engineering service 
that gives you unbiased advice on what is best for 
your particular fire hazards. 


Don’t take unnecessary chances...the combined fire protection experience of 
PYRENE and C-O-TWO over the years is at your disposal without obligation. 
Get complete facts today! 


PYRENE—c-o-two (0-1WO 


Sales and Service in the Principal Cities of United States and Canada 


COMPLETE FIRE PROTECTION 
portable fire extinguishers ... built-in fire detecting and fire extinguishing systems 


CARBON DIOXIDE + DRY CHEMICAL + VAPORIZING LIQUID + SODA-ACID + WATER + CHEMICAL FOAM + AIR FOAM 
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AMET 


In buildings of all types all over 
the nation ... wherever “‘safe exit” 
is a factor ... Von Duprin devices 
are on duty. 

Through proved performance 
and continuous improvement— 
ever since Von Duprin marketed 
the original exit device in 1908— 
these products have earned the 


ey ik: exit 


devices 





confidence and trust of all safety- 
minded people. 

For expert help in selecting the 
type of device best suited to your 
needs, call on your Von Duprin 
“Exit Specialist.” For his name, 
write Von Duprin, or contact the 
contract hardware distributor in 
your own community. 


VONNEGUT HARDWARE CO. + VON DUPRIN DIVISION 
INDIANAPOLIS 9, INDIANA 


Kidde, 
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WITH A KIDDE CO. SYSTEM! 


Let fire get a foothold, and a going concern is gone. Don’t risk it — see that a 
Kidde Automatic CO Fire Extinguishing System is on the job, and fire won't 
stand a chance. 

A Kidde System goes into action at the first sign of fire — releases clouds of CO» 
over the blaze, smothers fire almost as soon as it starts. What’s more, CO» leaves 
no mess to clean up after the fire. 

Make sure that flammable liquids, dip tanks, spray booths are protected by a 
Kidde System. 

Let Kidde guard record vaults, machinery and electrical equipment. 

And for on-the-spot protection, nothing beats a Kidde portable. When fire 
strikes, anyone nearby just aims the horn, pulls the trigger, and swoosh! No 
more fire. Find out more about complete Kidde protection. Write today. 


The words ‘Kidde’, ‘Lux’, ‘Lux-O-Matic’, 


Walter Kidde & Company, Inc. 








‘Fyre-Freez’and the Kidde seol are trade- 
marks of Walter Kidde & Company, Inc. 


1051 Main St., Belleville 9, N. J. Ki de 
= 


Walter Kidde & Company of Canada, Ltd., Montreal —Toronto 
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STOP FIRES 


hofore they become Disasters 
AMR Ts) 


WT TA 


WET 


‘four own IN-PLANT FIRE DEPARTMENT will 
snuff out dangerous blazes in seconds. 





15 MPH—3-wheel maneuverability — equipped for any type of plant. 

Every day, fire disasters cripple firms through lost production and 
lost markets—the costly result of inadequate or malfunctioning 
equipment. 

That’s why the new mobile Kalamazoo Fire Fighter is the perfect 
addition to any plant or warehouse. It maneuvers through narrow 
aisles and standard doorways—and turns “on a dime.” It comes 
equipped with a complete fog system, a 210-gallon water tank, 
100-ft. hose, or any chemical extinguishers required for your par- 
ticular plant—whether you produce paint, plastics, etc. 

Don't delay—a Fire Fighter will be invaluable insurance against 
a fire disaster. Write Dept. QF-7. 


ALAMAZOO 


MAN U FACTURIN G COMPANY 
1827 Reed St. Kalamazoo, Mich., U.S.A. 





FOR OVER 7! YEARS SERVING INDUSTRY AND RAILROADS ALL OVER THE WORLD 
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..-there’s more to 
fire protection than 


Many firms manufacture 
excellent protective devices. 

In fact, those offered by 
Blaw-Knox are among the finest. 
But, more important is the way 
in which these devices are 

put together into a fire protection 
system. Without a system engineered 
and installed to guard against 
your particular hazard, the most 
effective devices are worthless! 





Fire is unpredictable. It strikes 
quickly and when least expected. Be 
prepared to strike back — with a Blaw- 
Knox Automatic Fire Protection System. 





Blaw-Knox will engineer and install 
the type of system that will provide you 
with a maximum of protection, at a minimum 
of cost. No cash outlay is required, 
and the system will pay for itself 

in reduced insurance premiums within 
a few years. Let a Blaw-Knox 

Fire Protection Engineer study your 
needs and submit an estimate... 
absolutely without obligation. 


“Little Joey 

BLAW-KNOX FIRE PROTECTION SYSTEMS CARRY Sprinkler” 
APPROVALS OF ALL UNDERWRITERS. 

Deluge Systems — Wet Pipe Systems — Dry Pipe Systems — 
Water Spray and Fog Systems — Rate-of-Rise Sprinkler 
Systems — Foam and Carbon Dioxide Extinguisher Systems. 
You'll be interested in the new Blaw-Knox booklet, 

“Fire Can Destroy Your Business.” There’s no charge. Write for it. 









BLAW-KNOX COMPANY 


Automatic Sprinkler Department ® Pittsburgh 33, Penna. 
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FOR GAS APPLIANCE VENTING 
There's no doubt about 


METALBESTOS 


Dee ys 


eee because Metalbestos provides an inner ‘hot 
stack"’ for complete removal of all vent gases and a 
cooler, safer outer pipe to protect adjacent surfaces 
from overheating. Metalbestos was first to introduce 
the double-wall, insulated vent pipe — now accepted 
as the standard for proper venting. 


IT’S DEPENDABLE 


iste ta because Metalbestos vents are designed to last 
the lifetime of the house. All-metal construction will 
not crack or break . . . precision made couplers stay 
gastight, won't pull apart. Assembled vent is strong 
and rigid and offers maximum protection against cor- 
rosion or accidental damage. 


Siew 8 


..... because Metalbestos design is based on vent- 
ing principles tested and proved by the most exten- 


ac wv 
i i h ducted. Y: 
METALBESTOS the best from Metalbestos — leader in gas venting 























jor everyctypeD 

venting need 

Approved by Underwriters’ Lab- TYPE B-W INSTALLATION KIT for 
oratories. Correctly designed for safe, approved wall heater venting e 
use with all approved gas ap- Fa . a 
pliances requiring Type B vents. Simplifies venting of recessed wall heaters — fits inside 
(Not for use with oil-burning ap- 2 x 4 walls without furring out. Contains all fittings and di- 
pliances or gas-fired incinerators.) rections needed to make 

Qc METALBESTOS safe, officially correct in- 

Round Vent—for standard vent- stallation. Designed for 

ing applications where space is use with WV Metalbestos 

not restricted. pipe. Approved by Under- 


WV METALBESTOS 
Oval Vent—specially designed 
for in-the-wall venting. 


writers’ Laboratories, Inc. 


os METALBESTOS NERY Tel 


WILLIAM WALLACE COMPANY + BELMONT, CALIF 





TTI 
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: ““FIRE-ENGINEER”’ 
fen- Let Us - 
Dect ? # ] ; h 
ee a system for your plant wit 
AER-O-FOAM 
The science of fire-engineering has come a long way since the era of 
the horse-drawn fire engine. Now you can protect your flammable liquid 
9° fire hazards by calling in National Foam engineers, who survey your 
inside plant and plan a modern fire-engineered system for your particular 
nd di- needs. They check locations, processes, flash points, existing system, 


water supply, and other factors. They recommend a basic AER-O-FOAM 
System with manual or automatic control, stationary or mobile operation, 
and all the proper equipment. . foam chambers, overhead units, dip- 
tank systems, nozzles, extinguishers. After installation, National Foam 
furnishes a complete operating manual. 

National Foam's modern fire-engineered service offers the best in 
system design, equipment, and instant, positive, fire-tested AER-O-FOAM. 
Call in National today to discuss your flammable liquid fire problem. 


Write for new, free booklet, ‘Foam Fire Protection” 


NATIONAL 


FOAM SYSTEM INCORPORATED 
Headquarters for Foam Fire Protection — WEST CHESTER, PA. 
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CORPORATION OF AMERICA 
YOUNGSTOWN, OHIO 
Oy Tete laLiat mele 
North and South America 





How 
necessary 


Fire Alarm 
System? 


Answers Questions 
that may be asked by 
Average Citizens - Stcre 
Owners - Manufacturers 
Bankers - Insurance Men 
City Officials 


Whatever your thoughts about protecting 
your community against loss of life and property 
by fire, this 24-page booklet will be of help to you. 

In it you will find information about excessive 

damage, methods for preventing loss of 

payrolls, loss of business and suggestions for setting 
up an adequate fire alarm system. Communities from 
10,000 population and up have received savings in 
insurance premiums, as well as reductions in property 
loss, as a result of the information in this booklet. 
Send for your copy today, at no obligation, of course. 


THE GAMEWELL COMPANY 
- LL® NEWTON UPPER FALLS 64, MASS. 


in Coneda: 
Northern Electric Co., Lid., Belleville, Ont. 











PROTECTOSPRAY SYSTEM FOR LPG STORAGE 


Fire and explosion hazards from lique- 
fied petroleum gas occur mainly when 
there is leakage. At such times, and if 
disaster is to be averted, several things 
become immediately necessary, 
whether or not ignition occurs. 


1 .-The leak must be located and the leak- 
age stopped. ProtectoSpray protection 
provides a margin of safety for the per- 
sonnel doing this work. 


2. Heat transfer to the storage tanks must 

be prevented to avoid build-up of ruptur- 
ing pressure within the tanks. Properly 
engineered fixed water spray protection 
provides effective cooling of tanks to pre- 
vent pressure build-up. 


3. Positive air turbulence should be pro- 
vided to hasten dilution of escaped gas to 
make the mixture too lean to burn. Water 
spray, without dependence upon wind to 


assist it, provides sustained air movement 
which hastens the dilution of escaped LPG. 


4. Additional inert vapor should be pro- 
vided to speed the dilution of escaped 
LPG. Water spray is an abundant source 
of such inert vapor, the finer droplets in 
the spray vaporizing to produce inert 
water vapor. 


5.1£ escaped gases ignite, the wide and 
evenly distributed pattern of fine water 
droplets from ProtectoSpray nozzles per- 
mit safe, controlled burning of gases. 


There is a Grinnell Fire Protection 
System for every fire hazard. Grinnell 
Company, Inc., 274 West Exchange 
Street, Providence, R. I. 


GRINNELL 


PROTECTION AGAINST EVERY FIRE HAZARD 
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